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SMALL-GROUP STUDY 
IN A NORMALLY LIT ROOM 
The image is cast upon a screen in the 
dark-chamber turret at table height. Each 
observer (up to 10) has a separate light- 
excluding viewing hood. The pathologist 
here is discussing a slide with the surgeon; 
the unused hoods are easily shuttered off. 


LARGE-GROUP EXHIBITION 
." IN THE DARKENED AUDITORIUM 

a So intense is the Scopicon light source that 
images up to fen feet across can be pro- 
jected. Through a system of auxiliary lenses 
the operator can follow a biological speci- 


men through a progressive series of ever- é 
a closer localizations, up to ultimate demon- » 
stration under oil-immersed objectives. _—_ 


Quickly adaptable to viewing on any scale, the mobile 
Scopicon couples convenience with efficiency. Its high- 
pressure mercury arc is the brightest light source ever 
employed for microprojection. The focal spot is only 
Imm square (approx.). Its pinpoint character permits 
flickerless projection of sharply detailed images up to 
ten feet across even under oil-immersed microscope 
objectives. Let us send you the brochure describing this 
remarkable instrument. 


micro-projection ¥ equipment 
SCOPICON, Inc. 215 E. 149 ST. NEW YORK 51 
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TOP: Stereotaxic Instrument ted on adjustable hard Dod 
stand No. G-109, and i of 

bors with 2 electrode corriers. Rigidity =" instrument is an im- 
portant feoture for precision work. 


read of ports ond 


~ a of bly. Accurat ly lib ts allow flex- 
ibility of approach. 


BOTTOM: Complete instrument in walnut carrying case. _ Space 
is provided for future purchase of 


SEND FOR 
BULLETIN NO. 5 
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STEREOTAXIC 
INSTRUMENTS 


The Accepted Standard 
in the Research Field 
for Neurophysiology 


Here is a modern instrument for research on 
cats, monkeys and rats, used in the co-ordinate 
placement of Pickup, Stimulating and Coagulat- 
ing electrodes in brain and spinal cord. It is 
precision designed and constructed of corrosion 
resistant materials not affected by cold or 
steam sterilization. Built to allow complete flex- 
ibility of approach and calibrated for extreme 
accuracy. The unobstructed position of head of 
subject in instrument provides broad operative 
field in surgery. A Stereotaxic Instrument is also 
available for research on humans. 


LAB-TRONICS, INC. is an organization of internationally 
known medical and engineering research scientists dedi- 
cated ‘to the development, design, and manufacture of 
precision apporatus for research in such scientific fields 
as Physiology, Neurology, Histology, Biochemistry, Pa- 
thology, Neurosurgery, Physical-Chemistry and Biophysics, 
and employing the most advanced techniques in elec- 
tronics and engineerings. 


LAB-TRONICS 


INCORPORATED 


--~CHICAGO 7, ILLINOTS 
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INSTRUMENTATION FOR 


; Reseach Developers of 
| 4 special purpose 


instruments made 


Manufacturers of Scale-O-Matic counting 


circuits, Geiger counter tubes, scintillation to customer 
counters, civilian defense instruments, chemi- ‘ 
cal dosimeters, absorber sets, portable requirements 


radiation detectors, and lead shields. 


LEAD SHIELDS 


| AND ACCESSORIES Improved JUNO 
Largest and heavi- A portable, lightweight, battery- 
= est standard operated instrument, which 
} shield pro- es the intensity of, and 
distinguishes between alpha, 
echnica 

beta, and gamma radiation. 
LS-6 


CUTIE PIE 


A self-contained battery-oper- 
ated air ionization chamber in- 
strument for use in probing for 
beta and gamma radiation. Pro- 
vided with shield for rejecting 
beta particles. 


Useful in deter- 
mining the radio- 
activity of liquids 
a and pulverized 


solids. 


HAND AND FOOT 
RADIATION MONITOR 
This counting rate instrument in- 
dicates alpha, beta and gamma 
contamination of back and palm 
of each hand, and beta and 
gamma contamination of the 


soles of both feet. F-6 PORTABLE 
GEIGER COUNTER 


Write for Bulletins 


TECHNICAL ASSOCIATES 4 


140 West Providencia Avenue « Burbank, California 
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FEATURES: 


Operates on 105-120 volt, 50/60 cycle AC 
Direct reading controls: 

* regulate stimulating voltage from 0 to 100. 

* regulate frequency from 8 to 75 pulses per second. 
Exponded ranges on voltage control permit accurate determina- 
tion of output in segment used for “‘threshold’’ measurements. 
Diol controls accurately and easily reset to ony position. Experi- 

“ments con be repeated or continued at future times 
Tesetting controls to previous positions. .. 
Impulse Control Lever: 

* provides in the “‘up’’ position a train of impulses exactly 

to the frequency dio i 

* provides in the “‘down'’ position a single impulse which 

moy be repeated ot will. 


* nevtrol ‘‘center™’ deli no impul: 
Switch circuit provided ‘for operating a Morker. 
Pilot light 


toggle switch 

Compact cabinet measures 6” x 6” x 6” 

Approved 6-ff. rubber covered cord and rubber plug 
Metal cose, block crackle finish 


Rubber feet on bottom and back for normal or upright operation. 
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FIG. 1 FIG. 2 — 
The lo viewed ona cathode ray oscilloscope, is of spike of 
saw-tooth shape, with a rising phose, 


and an exponential falling phase. The instrument will produce 
a single isoloted pulse (Fig. 1), which moy be r ot 
will, or @ train of pulses of predetermined rate "Fig. 2). 
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LAB-TRONICS, INC., is on organization of 
internationally known medical and engineer- 
ing research scientists dedicoted to the devel- 
opment, design, and facture of p 

apporatus for research in such scientific fields 
as Physiology, Neurology, Histology, Bic- 


For Student 
Laboratory Use in 
Biology, Zoology 
and Physiology 


The PHYSIO STIMULATOR for students is a specially en- 
gineered instrument designed for laboratory and research 
work in Biology, Zoology and Physiology. Direct reading 
dials indicate the frequency and voltage delivered and 
a control lever releases the stimulating current either as 
c single impulse or as a series of impulses. This instrument 
is of professional quality throughout, yet produced at a 
price which makes it practicable for classroom use, ena- 
bling each student to have his own stimulator to carry on 
his experimentation. 


PHYSIO STIMULATOR, Model N-103-B 


PHYSIO STIMULATOR, Model N-103-B5 provides 5-volt AC 
for Marker Circuit; Complete (Less Leads).............. 42.50 
OUTPUT LEADS, Black and red colored vinyl insulated 
handles with 48” leads and molded tip plugs.......... 2.10 


GUARANTEE:—The LAB-TRONICS “STUDENT” PHYSIO 


STIMULATOR is unconditionally guoranteed for a period 
of one year. 


LAB-TRONICS. 


INCORPORATED | 


BLVD.—-CHICAGO 7, ILLINOIS 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D. C. Entered at the Lancaster, Post Office as second 


Glass matter under the act of March 3, 1879. Annual subscriptions: $7.50; foreign 
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0.006% DEOXYRIBONUCLEIC ACID 

RAYLEIGH INTERFERENCE FRINGES provide high- ULTRAVIOLET ABSORPTION method gives very high sen- 
sensitivity measurement of solute concentration at any level sitivity with respect to concentration rather than concentration 
in analytical cell. Used for determining molecular weights — gradient, as in schlieren techni Newly-designed optical 

igh and low—by the equilibrium method, as well as system is ape | valuable for such materials as nucleo- 
for measuring sedimentation velocity by the centrifugal trans- proteins and other ultraviolet-absorbing sub es exhibiting 
port of material past a given level in the cell. diffuse or inhomogeneous boundaries. 


HOW new developments have increased the 
versatility of Analytical Ultracentrifugation 


0.5% BOVINE ALBUMIN 


SYNTHETIC-BOUNDARY cell permits establishment of '40,000-rpm SWINGING-BUCKET rotors make prepara- 
an i diately able b y by a layering tech- tive operations most closely comparable with analytical, 
nique. This extends sedimentation-rate measurements from give most accurate estimation of sedimentation by sam- 


the Bg practical lower molecular-weight limit of pling. Boundaries sediment normally and undergo mini- 
10,000, 


downward to 500. mum reorientation, Quartz inserts permit spectrography 


Since 1947, when it was introduced, the Spinco Model E Analytical Ultracentrifuge has 
been constantly broadened in utility by new developments in equipment and technique. 


Besides the specific items illustrated above, provisions have been made for: 
(1) simultaneous analysis of two materials in the same rotor; (2) temperature 
measurement and continuous, automatic control of operating rotors to better than 0.1 
degree C from zero to 100 degrees C; and many other specialized functions. 


Each of these developments has been engineered to permit its application to 
any Spinco Model E in existence. Your inquiry is invited for further information 
on these or other developments which may provide solutions to your 


problems in physical research. 
SLL SPECIALIZED INSTRUMENTS CORPORATION 


BELMONT 5 CALIFORNIA 
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G.A.B. Interference Filters 


(Made in Switzerland) 
for isolating narrow spectral bands 
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Spectral Range: 400-900 millimicrons 
Spectral Width: 12-15 mp, Transm.: 45-50% 
Size: 2”x 2”. Other sizes on order. 

For 
Flame Photometry and Color Densitometry 
Microscopy and Photomicrography 
Colorimetry and Fluorimetry 


also refliectometry, light scattering measurements 
microcolorimetry, refractometry, metry, in ali 
iri h tic light in the visible 


other 
and near-infrared range. 
Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


PHOTOVOLT 


Exposure Photometer Mod. 200-M 
for 


PHOTOMICROGRAPH Y 


; 7 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Price $92.0 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


give your lectures with 
greater emphasis . . . 
with ease — clarity! 


An Ednalite precision feather-weight instrument incor- 
porating an aspheric projection system of new design 
to project a sharp non-spill ultra-brilliant arrow at 
amazing distances. Perfectly balanced for continuous 
hand operation. Uses standard 34 candle-power lamp 
with built-in transformer to operate on standard 115 
Volt AC house current. 


ELECTRIC 
projection 
pointer 


Complete with generous line cord in ‘ 
luggage-type carrying case as illus: 
trated. Underwriters approved. 


ScIENCE, vou. 120 
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‘ order now. The EDNALITE OPTICAL COMPANY, Inc., 200 N. Water St., Peekskill, N.Y. oe 
6A 


NIAGARA AIR ENGINEERING EQUIPMENT 


NIAGARA HIGH PRECISION 
AIR CONDITIONERS 


Complete function air conditioning for the most i 
duty, producing any condition in the range 40°F to 140°F. 
Provides air at saturation. Provides, also, sub-freezing dew 
point temperatures when Niagara “No Frost” Liquid is used 
in the spray ‘ 


Accurate Humidity Control 
Using Hygrol Absorbent Liquid 


Low dew points under accurate and automatic control are 
produced by spraying Hygrol Liquid absorbent in the air 
stream. Hygrol is a liquid, not a salt solution; its use avoids 
corrosion and maintenance troubles. Automatic reconcentra- 
tion provides continuous operation. 


NIAGARA “NO FROST” METHOD 


For refrigeration with control of temperatures and humidity 
with complete freedom from frost and defrosting interrw 
tion and sustained full capacity in temperature ranges 32°F 
to minus 100°F. Uses Niagara “No Frost” Liquid automa- 
tically reconcentrated. 


NIAGARA AERO HEAT 
EXCHANGERS 


For the cooling and accurate control of temperatures of 
liquids and gases, without refrigeration and independent 
of a supply of cooling water, in the range 160°F down to 
85°F at 75°F. Wet Bulb Atmospheric Temperature. 


Vapor Condenser 


Independent of a supply of condensing water. Takes ad- 
vantage of changes in atmospheric wet bulb temperature to 
maintain a high vacuum. Successfully applied to distillate 
and reflux cooling, also, refrigerant 


Aero After Cooler 


Independent of cooling water supply. Produces com- 
pressed air or gas wah Vout moisture content than is pos- 
sible with average surface water cooling. : 


Write for bulletins describing the uses of these and other Niagara units and for physical and 


engineering data. Your inquiry is asked on matters involving equipment in the fields of heat 


transfer and air engineering and for laboratory air conditioning. 
NIAGARA BLOWER COMPANY, Dept. SW, 405 Lexington Ave., New York 17, N. Y. 
Field Engineers in Principal Cities of United States and Canada 
22 OocToper 1954 
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FOR CONTINUOUS, 
FOR ACCURATE 
DUST SAMPLING 
FOR PERMANENT RECORDS 


KONISAMPLER 
(pat. pend.) 


Employs principle of thermal precipitation. Light weight— 
quiet—all electric Automatic timer—will also operate 
continuously—secures particulate matter suitable for 
microscopic, electron microscopic or visual and for per- 
manent records on standard glass slides. 


Cost (complete) with carrying case .......... $225.00 


Send for descriptive brochure K-1 


and manufacturer of continuous gravimetric 
lating types 


and oscil of thermal precipitators 


JOSEPH B. FICKLEN III 
1848 East Mountain St. Pasadena 7, California 


GLASS ABSORPTION 
CELLS KLETIT 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — N: 
Bio-Colorimeters — ~ Comparators — ‘Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturin 
179 East 87 Street, New York, New Co. 


NUCLEOPROTEINS 


and Derivatives 


Pre-tested for rigid specification 
adherence to assure highest pos- 
sible purity for exacting require- 
ments of Biochemical Research. 


Typical Derivutives 


TRIPHOSPHATE 

COZYMA 

cYTOS SINE. 

GLUCOSE-6- 

GUANOSIN 

GUANYLIC 

HEXOSE DIPHOSPHATE 
HYPOXANTHINE 

INOSINE 

6 (-) METHYL URACIL 

d (-) RIBOSE 

SODIUM DESOXYRIBONUCLEATE 
THYMIDINE 

URIDYLIC ACID 

XANTHOSINE 


WRITE FOR 
NEW CATALOG 


OVER 1200 
ITEMS 


NUTRITIONAL BIOCHEMICALS 
oR PORATION 


21010 MILES AVENUE 


CLEVELAND 28, OHIO 
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LEITZ 
MEDICAL 
MICROSCOPES 


The purchase of a microscope 
is a once-in-a-lifetime 
investment when you choose 
a Leitz instrument. 


Monocular, convertible or 
binocular—all models are 
precision built to unsurpassed 
standards of performance. 


Here are some of the 
outstanding Leitz design features: 


1. Large solid microscope 
stand with inclination joint. 


2. Precision fine adjustment 
for accurate and dependable focus. 


8. Built-in research type 
mechanical stage with coaxial controls. 


4. Substage with swing-out 
condenser element, full field 
illumination from lowest 

to highest magnifications. 


5. Equipped with superior optics 
rendering clear and sharp 
images from the lowest to the 
highest magnifications. 


&. LEITZ, Inc. 
Distributor of the world-famous products of 


r 
! 
! 
! 
! 
! 
! 
! 
‘ 
' 
Ernst Leitz, Wetzlar, Germany 


e &. Leitz, tnc., Dept. 80 
eit=z 468 Fourth Avenue, New York 16, N.Y. 


Please send me your brochure on the Leitz Medical Microscopes. 


microscopes 
binoculars 
Leica cameras 
lenses 
City State 
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REFRIGERATED CENTRIFUGES 
CLINICAL CENTRIFUGES 

HIGH SPEED CENTRIFUGES 
MICROTOMES ALL MODELS 


“LARGE SECTION” MICROTOMES 
9” x 11 OBJECT STAGE 


MICROTOME - KNIFE SHARPENER 
HOMOGENISERS 


Please send for illustrated folders and specify 
in which models you would be interested. 


MOST MODELS AVAILABLE FOR 
IMMEDIATE DELIVERY. 


TECHNICAL INSTRUMENT COMPANY 


122 Golden Gate Ave. San Francisco 2, Calif. 


Ad ine Triphosphate (ATP); Amygdalin; Amylase; 
Animal Lecithin; Ascorbic Acid Oxidase; Bacitracin; 
BAL; Biotin, cryst.; Caffeic Acil; Carotene, cryst.; 
Catalase; Cellulase Chlorogenic Acid; Chorionic 


Gonadotropin; Circulatory Hormone; Colchicine; Cy- 
tidylic Acid; Cytochrome C; Dehydroascorbic Acid; 
Diacetonamine; Dihydroxyacetone; Dihydroxyphenyla- 
lanine (DOPA); Dipyridyl; Edestin; Emulsin; Ery- 
thritol; N-Ethylpiperidine; Fibroin; Folic Acid; 
Galacturonic Acid; Gentisic Acid; Girard Reagents P 
and T; Gliadin; Glucose Pentaacetate; Glucuronic 
Acid; Glyceraldehyde; Glyceric Acid; Heparin; Horde- 
nine; Hyaluronidase; Hydrindene; 2-Hydroxyadipalde- 
hyde; Humulon; Indan; Isoascorbic Acid; Isopropyl- 
arterenol; Kojic Acid; Kynurenic Acid; Lanthionine; 
Lipase; Lysozyme; Lyxose; Malononitrile; Maltase; 
Melezitose; Mesobilirubinogen; Muscle Adenylic Acid; 
p-Nitrophenylphosphate; Nucleoprotein; Orcinol; Pan- 
creatin; Pantothenyl Alcohol; Penicillinase; Peroxidase ; 
Phenazine; Phenylpyruvic Acid; Phloridzin; Phosphory- 
lase; Piperin; Porphyrindine; Protamines; Protoporphy- 
rin; Pyridoxal; Pyridoxamine; Pyrocatechuic Acid; 
Pyruvic Aldehyde; Ribonuclease; Saccharic Acid; Sal- 
mine; Serine Phosphoric Acid; Spermidine; Spermine; 
Thioacetic Acid; Thiocytosine ; Thyroxine; Trigonelline; 
Triphenyltetrazolium Chloride; Tripyridyl; Trypsino- 
gen; Tyrosinase; Tyrothricin; Urease; Uricase; Uri- 
dine; Vitellin; Xanthosine. 


Ask us for others! 


DELTA CHEMICAL WORKS. inc. 


23 West 60th St. New York 23, pre 
Telephone Plaza 7-6317 


BRINKMANN Photoelectric Exposuremeters for 
Micro Ibso “Ipscaphot” and other cameras 
“Microphot”, literature on request! 


BRINKMANN 


Universal Photomicrographic Camera 
Model “U” 


Truly versatile—yet simple to operate 


For 4x 5”, 34% x 44%”, 35mm, also with 
POLAROID-Laad Camera Back 


ONLY camera with Quickchanger from 
LOW to HIGH power 


with removable bellows for copying etc. 
and many other UNIQUE features. 


For Literature or Demonstration write to 


BRINKMANN Instruments, Inc. 
378-380 Gr. Neck Rd. 
Great Neck, L. I., N. Y. 
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“STANDARD” 
VOLUPETTOR 


for Reproducible Units 


A new type of automatic pipette 
and reservoir assembly for reagent, 
stock and working solutions. 

AVAILABLE IN TWO SIZES— 


DOES AWAY WITH USE OF 
MANY PIPETTES 


Exact duplicate amounts can be readily 
and quickly dispensed for routine chemi- 
cal or other procedures. The specially 
adapted screw cap holds the automatic 
Pipettor to the reservoir. Press the 
plunger down and the amount is auto- 
matically pipetted ready for delivery. 
The plunger of the Pipettor is left 
pressed down after delivery and is im- 
mersed into the reservoir solution, where 
it will automatically refill to the exact 
amount after releasing the plunger. 
This procedure is repeated after each 
delivery. 

Apparatus consists of an automatic 
Pipettor with pipette of Pyrex Brand glass, special screw 
ra Feel of Polyethylene plastic and a Non-Solvent 

e. 


SAFE - ACCURATE - ECONOMICAL - CONVENIENT - FAST 


Total Capacity Pipette 2 mi:—slotted volume selector 
provides settings of 0.2, 0.5, 1.0 and 2.0 ml: Vernier ad- 
justment for quick regulation to provide exact and frac- 
tional deliveries in hundredths. Pyrex 2 ml. pipette is 
graduated in 1/10 mi. 250 mi. bottle. 


Total Capacity Pipette 5 mi:—slotted volume selector 
ovides settings of 2.5, 3.5, 4.0 and 5.0 mi: Vernier ad- 
ustment for exact and fractional! deliveries, 5 ml. x 1/10 
mi, Pyrex pipette. 500 mi. Non-Solvent bottle. 
Cat. No. 83323-VOLUPETTOR, Chrome finish. 
Capacity, ml. 2 5 
Each $7.25 $8.00 


Turns Apparatus On or Off 


SET ITI—FORGET IT!I—AS SIMPLE AS THAT! 
The “TWO-TIMER” is a rugged, versatile 20-hour timing device 
with a high rating (1650 watts) for general use as an automatic 
time control attachment for laboratory, industrial and office 


equipment. 
SIMPLE TO USE 

You just plug the ““Two-Timer” into a 60 cycle 110 volt line out- 
let, then if you wish to have a device turned off at a certain 
time, plug it into the black socket on the ““Two-Timer”™ or if you 
want it turned on, plug into the white socket. 

A multiple socket adapter may be used if you wish more than 
one device turned on or off at the same time. The dial face is 
calibrated in hours—set the “Two-Timer” knob at the number 
of hours (or fraction thereof) you wish to operate (turn on 
or turn off) your equipment. Set it and forget it— it’s as simple 


as that. 

SPECIFICATIONS 
RANGE up to 20 hours. Calibrated in hours and fractions thereof. 
OPERATES on 105-120 volts A.C. 60 cycle: 
RATED load 15 amp. at 110 volts (1650 watts). 
POWERED by Bristol “Circle B" synchronous timing motor. 
SUPPLIED in a rugged hammertone steel case, 2” x 2” x 4”. 
GUARANTEED for one year. 


EVERY LAB SHOULD HAVE THIS 
New 
“STANDARD HANDI-LAB TOOL KIT” 


Don’t call the engineer, carpenter, or maintenance man 
when you have to remove a screw, cut a piece of wire, drill 
a hole, tighten a bolt, ete. 


BE PREPARED 
Have your “HANDI-LAB TOOL KIT” ready with all the 
tools necessary to adjust, set up apparatus, equipment, ete. 
This handy kit with its og A interchangeable combina- 
tions is specially designed for the laboratory. 


Entire kit can be hung on a wall for easy accessibility. 


CAT NO. 99115 


onty $7.00 


+ 1 Needle nose plier. 


+3 Twist drills, 1/8”, 


+ 1 Insulated side cutting plier. 


Combination ratehet river and 2 Drill Brace with cheek. 


hy serew driver handle with chuck. 
3/16”, 1/4”. 


CONTAINS 19 UNITS 


+ 3 Regular Screw Driver bits 1/8”, 3/16”, 1/4”. 
* 2 Recessed head screw driver bits, #1, 22. 


*1 6” adjustable end wrench. 

+ 5 Socket screw wrenches, .05, 5/64”, 3/32”, 
1/8” 5/32”. 

+ 1 Heavy vinyl roll-up case. 


STANDARD SCIENTIFIC SUPPLY CORP. 


34 West 4th Street e New York 12, N. Y. 


ALL THE APPARATUS, EQUIPMENT, SUPPLIES, CHEMICALS AND 
REAGENTS NEEDED TO RUN TODAY’S MODERN LABORATORIES. 
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Write for new descriptive ¢ O P Y 
manual No. 7 now available C O M p | L F 
COMPARE 


AT 40 SECONDS PER COPY 


With a Contoura® and Constat® you can copy anything written, 
drawn and printed. And you can do your copying wherever an 
electric lighting outlet is found. 

The maneuverable method of error-proof copying. Copy pages 
from thick books without tearing out the pages or juggling the 
books into awkward positions. Copy sections of large maps with- 


out folding the maps. Copy in libraries, in offices, at home. Work 
RTHINGTON where you will 


Copy charts, graphs, tabulations, technical articles. Collate and 


compare. 
BIOCHEMICAL CORPORATION Guaranteed. Low cost. Speedy. Portable as a brief case. Easy 


to learn. Unimpeachable copies. The Contoura and Constat are 
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Vectorcardiograms 
Pneumograms 
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You name it and a 
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Listed above are the phenomena most likely to be recorded by 
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components or units (amplifiers, pre-amplifiers and recorders) to be 
combined or integrated by the user with other laboratory 
equipment. (The Sanborn pholographic recorder — Twin-Beam, 
Model 62 — is, by virtue of its “high speed” galvanometers, 
particularly adapted to the recording of such types of phenomena as 
phonocardiograms, and small animal electrocardiograms.) 

All Sanborn direct writing systems produce permanent, continuous 
strip-chart records without the use of ink, via a heated stylus, on 
plastic-coated chart paper. Records are in true rectangular 
coordinates (with negligible tangent error), making them far 
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Instrumentation—Revolution in Industry, Science, and Warfare 


URING the last century, man’s muscular burdens 
have been partly transferred to machines. Now, in- 
struments are at hand for automatie supervision and con- 
trol of these machines and manufacturing processes. The 
vigorous growth of this field of instrumentation is accler- 
ating revolutionary changes in industry, science, and war- 
fare. The extent to which these developments have pro- 
’ gressed was impressively shown at the First International 
Instrument Congress and Exposition held by the Instru- 
ment Society of America in Philadelphia last month (re- 
ported elsewhere in this issue). 

Notable among the exhibits were the increasing number 
of devices for automatically representing the results of 
measurement in numerical form or as recorded signals in 
code (as on magnetie tape) for further use in automatic 
computation or control. The handling of measurement in- 
formation in numerical (digital) form permits a consid- 
erable decrease in errors associated with the transmission, 
conversion, display, or utilization of measurement data. 
Further, as more instrument systems are designed to util- 
ize digital techniques, simplification and standardization 
of components will be possible. This in turn will augment 
reliability and simplify maintenance and replacement 
when necessary. 

Automatic control of continuous production processes, 
such as oil refining, is well advanced, although far from 
complete. The extension and adaptation of automatic con- 
trols to the “unit” processes—the handling, manufacture, 
or treatment of discrete items—has already led to talk 
of the “automatic factory.” Although economic factors 
and the shortage of instrument engineers limit this trend, 
the implications for increased productivity are profound. 

Measurements and, therefore, instruments are funda- 
mental to exploration of the physical world. Science pro- 
gresses by the four steps of cerebration, instrumentation, 
manipulation, and interpretation. Every addition to the 
already wide repertory of scientific instruments contrib- 
utes proportionally to the general advanee of science. The 
imterdependence of various branches of science is -no- 


where more evident than in the fruitful adaptation of the 
same instrument in quite different fields. For example, a 
simple bar magnet pushed through a coil of wire, for 
measuring the impact velocity in testing the resistance of 
ship structures to explosions, was adapted recently as a 
ballistocardiograph. More accurate measurements of 
heart activity are now possible, and a vigorous impetus 
has been given to research in this field of physiology. 

For centuries, man has waged warfare by the process 
of launching destruction at his enemies—throwing stones, 
hurling spears, shooting arrows, aiming guns, or dropping 
bombs—but with the advent of automatic instrumenta- 
tion, it becomes possible to guide destruction to the 
enemy. The probability of a hit in any one operation is 
thus enormously increased. 

The guidance concept combines automatic detection— 
for example, radar, sonar, infrared—with automatic pilot- 
ing and has led to homing torpedoes, guided missiles, and 
perhaps other weapons not disclosed. In these develop- 
ments, military instrumentation has given much, and re- 
ceived more, from scientific and industrial instrumenta- 
tion. 

The spectacular destructiveness of atomic bombs has 
tended to overshadow the real significance of the guidance 
concept. Only through the successful and early achieve- 
ment of complete and reliable means for automatically de- 
tecting and intercepting enemy ships, aircraft, or guided 
missiles may we hope, temporarily, to deter atomic aggres- 
sion. Perhaps in this way, civilization can gain the time 
required to perfect the art of peaceful relations. 

All scientists, engineers, warriors, and the informed 
publie need to become better acquainted with instrwmen- 
tation with respect to its effects on their own work and 
lives and its vast potential for increasing the military 
security and the productive capacity of the world. 


W. A. WitpHack, President 
Instrument Society of America 
National Bureau of Standards, Washington, D.C. 
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Production and Use of High Centrifugal Fields 


J. W. Beams 
Department of Physics, University of Virginia, Charlottesville 


HE action of a gravitational field and a cen- 

trifugal field on matter, for most purposes at 

least, may be considered to be essentially 

equivalent (1). Since the gravitational fields 
in regions near the earth are much smaller than the 
centrifugal fields that readily may be produced, it is 
common practice to express the magnitude of a cen- 
trifugal field in terms of the standard acceleration of 
gravity at the earth’s surface. The purpose of this 
paper (2) is to deseribe a few typical experiments in 
which high centrifugal fields are used, together with 
some of the techniques employed. 

In general, problems that require the use of high 
centrifugal fields fall into two principal categories. In 
the first type the centrifugal potential, which is pro- 
portional to 4x*N*r?, must be large; in the second type 
the centrifugal field, or 4x?N*r, must be as intense as 
possible. N is the number of revolutions per second, 
and r is the radius of the rotor. As is shown later, with 
the present techniques the mechanical strength of the 
rotor is the factor that sets an upper limit to both the 
centrifugal potential and the intensity of the cen- 
trifugal field that ean be produced with a given rotor. 
Both theory and experiment show that, for rotors of 
a given shape, the maximum stresses produced in the 
rotors are proportional to 4x*N*r? or the square of the 
peripheral speed. Consequently, to produce a maxi- 
mum centrifugal potential, the rotor must be carefully 
designed to reduce stress concentrations to a minimum. 

The choice of rotor material depends primarily 
upon the load that the rotor must carry. If there is 
no load or if it is very light, the rotor material should 
have as large strength-to-density ratio as possible. If 
the load is not light, then the design of the rotor and 
selection of rotor material are more complicated. In 
general, tough materials are preferable to brittle ones 
if the strengths and densities are equivalent. Since 
both the centrifugal potential and the “bursting 
strength” depend directly upon the square of the 
peripheral speed of the rotor, the maximum cen- 
trifugal potential is independent of the radius of the 
rotor. On the other hand, since the centrifugal field 
is given by 4x*N?r, to obtain a maximum field inten- 
sity, the radius of the rotor should be made as small 
as possible. ¥ 

Although the maximum rotor speed is at present 
limited only by the rotor strength, in most experiments 
several other problems must be solved. In the first 
place, as a rotor is accelerated, it may pass through 
critical vibration frequencies which, unless they are 
damped, will destroy the rotor and the bearings. If 
the rotor is mounted in rigid bearings it must, of 
course, be carefully balanced. In many practical cases 
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where the balancing cannot be done with enough pre- 
cision the rotors are mounted on flexible shafts in a 
manner similar to the De Laval turbine (3) or in air 
bearings so that they can seek their own axis of rota- 
tion. In ordinary journal or ball bearings the frie- 
tional drag increases very rapidly with the speed of 
the bearing surface (4), so the radius of the bearing 
for high-speed rotors must be made very small, or 
the friction will become excessive. This frictional drag 
not only consumes a large amount of energy but intro- 
duces gyroscopic, heating, and other effects that are 
usually undesirable. Another difficulty encountered is 
the excessive heating of the rotor by the air friction 
on its surface. This is especially troublesome in sedi- 
mentation experiments where the rotor temperature 
must be held constant. 

For rotors several centimeters in diameter the afore- 
mentioned problems have been solved successfully in 
several ways. Svedberg and his collaborators (5) 
solved the problems in their ultracentrifuge with an 
oil turbine drive and special oil-lubricated and -cooled 
bearings. The carefully balanced rotor is spun in hy- 
drogen at reduced pressure. The hydrogen not only re- 
duces the gaseous friction on the rotor but, because of 
its high thermal conductivity, conducts the heat that 
is generated to the walls of the chamber. Pickels and I 
(6-8) solved the foregoing problems in the vacuum- 
type ultracentrifuge by spinning the rotor in a 
vacuum. The rotor is mounted on the end of a long, 
very small diameter, flexible shaft that passes through 
a vacuum gland in the top of the chamber and is con- 
nected either to.a small-diameter, air-supported, air- 
driven turbine or to an electric motor dfive situated 
above the vacuum chamber. In this apparatus no ap- 
preciable heat is generated in the rotor, so not only 
does it remain at constant temperature when the cham- 
ber walls are properly thermostated, but the power 
required to drive it is very small. This vacuum-type 
ultracentrifuge has been improved by many different 
workers and for some time has been commercially 
available. Space does not permit the mention here of 
other methods that have been devised for spinning 
high-speed rotors, and reference must be made to more 
detailed reviews (5, 8, 9). 

For several years a method of magnetically sus- 
pending and electromagnetically driving a rotor in a 
vacuum has been under development at the University 
of Virginia (10) which automatically solves the afore- 
mentioned difficulties (11-15). Also, rotors with diame- 
ters from 10-? to more than 25 em, and with weights 
from 5 x 10-° to 2.5 x 10* g have been used. The general 
method is illustrated by Fig. 1, which is a schematic 
diagram of an apparatus used for measuring the ten- 
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sile strengths of metals (16) as well as the tensile 
strengths of metal films as a function of their thick- 
ness (17, 18). The steel rotor is freely suspended in- 
side a glass vacuum chamber by the axially symmetrie 
magnetic field of the solenoid situated above the 
vacuum chamber. Figure 2 is a photograph of a 11 in. 
steel sphere freely suspended with the vacuum cham- 
ber and drive coils removed. The vertical force on such 
a rotor is roughly equal to M(dH/dx), where M is the 
magnetic moment of the suspended rotor and dH /dx 
is the vertical gradient of the magnetic field. In order 
to maintain the rotor suspended freely at a definite 
height, means must be provided for regulating the eur- 
rent in the solenoid. This may be accomplished in 
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Fig. 1. Schematic diagram of magnetic suspension. 


several ways (14, 15). In Fig. 1 a small pickup coil 
mounted on a plastic support below the glass vacuum 
chamber serves as the sensing element of a servocireuit 
that regulates the current through the solenoid in such 
a way that the rotor is held at the desired vertical 
position. The rotor automatically secks the strongest 
part of the field, which is on the axis of the solenoid. 
However, if it is disturbed, it will oscillate around 
the axis. To prevent this the core of the solenoid is 
supported by a fine wire and thus hangs as a pen- 
dulum in a dash-pot of oil. If the rotor is disturbed, 
the core follows the horizontal motion of the rotor 
and damps it out. When the apparatus is properly 
adjusted, no movement of the rotor ean be observed 
with a 50-power microscope focused on the rotor sur- 
face. For example, for use with rotors from 0.1 to 0.2 
in. in diameter, a cylindrical steel rod core 3.5 in. long, 
0.2 in. in diameter, suspended by a 0.25-in. length of 
0.017-in. piano wire is satisfactory. The core is im- 
mersed to a depth of 1.2 in. in 8.A.E. No. 10 motor oil 
contained in a flat-bottom glass tube. 
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Fig, 2. Magnetically supported 144-in. steel sphere. 


The support solenoid L, (Fig. 3) consists of 20,500 
turns of A.W.G. No. 30 enameled copper magnet wire 
wound on a 1.1-in. 0.d. plastic tube. The outside diame- 
ter of the solenoid is 3.12 in. and its length is 2.63 in. 
Its direct-current resistance is roughly 1200 ohms, and 
its inductance is about 30 hy, which gives it a time 
constant of about 0.025 sec. The “pickup” coil L, con- 
sists of 12 turns of A.W.G. No. 34 copper wire bunch- 
wound with an inside diameter of 0.4 in. The support 
circuit is shown in Fig. 3. The pickup coil, L,, is in the 
grid cireuit of a partially neutralized, tuned-grid, 
tuned-plate oscillator that operates at a frequency 
between 5 and 8 Mcy/see. A change in the vertical 
position of the rotor changes the Q value of the oscil- 
lator circuit and, therefore, the amplitude of the 
oscillations. The output of the oscillator is applied to 
the grid of a 6J5 tube in an “infinite impedance” de- 
tector stage (cathode follower), which does not load 
the oscillator. The d-c voltage appearing across the 
cathode resistor is an electric measure of the rotor 
height above the pickup coil. A portion of this volt- 
age is picked off the cathode resistor and constitutes 
the control or “error” signal. In parallel with the 
cathode resistor is a resistance-capacitance differen- 
tiating circuit. The potential difference across the re- 
sistance of this network is proportional to the time 
rate of change of rotor height. The “error” and the 
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Fig. 3. Support circuit. 
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derivative or damping signals are separatively ampli- 
fied, mixed, and applied to the grid of a second cathode 
follower stage. The combined signa] is next applied to 
the grids of the 6L6 output stage and, hence, regulates 
the current through the support solenoid, L,. It will 
be observed that separate mcans are provided for in- 
dependently adjusting both the error and the deriva- 
tive or damping signals, so that it is a simple matter 
to find the proper relative and absolute values to pro- 
vide stable support for the rotor. 

The rotor is spun by a rotating magnetic field in a 
manner similar to that of the armature of an induction 
motor or of a synchronous motor. If the rotor is not 
too large and a small amount of temperature rise of 
the rotor (order of 5°C) can be tolerated, the indue- 
tion motor drive is preferred because of its simplicity; 
but, if the rotor temperature and rotor operating 
speed must remain constant, then it should be both 
accelerated and operated as a synchronous motor. 
When accelerated as a synchronous motor, the fre- 
quency of the rotating magnetic field is automatically 
increased at the same rate as the acceleration of the 
rotor. When at operating speed, the frequency of the 
rotating magnetic field is maintained constant by a 
crystal-controlled cireuit. The rotating magnetic field 
‘ is produced by alternating current in two pairs of 
drive coils outside the vacuum chamber, as shown in 
Fig. 4. Standard drive circuits are used to produce the 
alternating current in these coils (14, 19). 
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Fig. 4. Schematic diagram of drive cireuit and method 
of measuring rotor speed. 


Figure 4 shows a schematic diagram of a drive sys- 
tem and a method of measuring the rotor speed. If the 
rotor is to be accelerated in a way similar to that of 
the armature of an induction motor, the output of a 
fixed-frequency oscillator is fed to a 90-deg phase 
splitting bridge. Each phase is separately amplified 
and applied to one pair of drive coils, as shown. The 
drive coils are in parallel with capacitors of the proper 
magnitude to give resonance at the desired drive fre- 
quency. Because of the bigh electric resistance of the 
rotor, the torque is comparatively large, even when 
the rotor is at rest or turning slowly. During the ac- 
celeration period the rotor is heated by the eddy cur- 
rents induced by the rotating magnetic field; but, with 
the acceleration rates used in practice, the temperature 
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rise is usually only a few degrees. The rotor tempera- 
ture may be measured by its thermal radiation. 
Since the supporting magnetic field is axially sym- 
metric, the rotor friction eaused by the magnetic sus- 
pension itself should be exceedingly small. This has 
been found to be the ease (14, 20). The observed rotor 
friction can be entirely accounted for by the gaseous 
friction on the spinning rotor. By maintaining the gas 
pressure surrounding the rotor below about 10° mm- 
Hg, this gaseous friction is very small; so that, in 
order to stop the rotor in a reasonable time, the diree- 
tion of rotation of the magnetic field must be reversed 
and the rotor driven to rest. For a spherical rotor of 
radius r, density d, and absolute temperature 7, sur- 
rounded by a gas at low pressure of molecular weight 
M and pressure p, it can be shown that approximately 


N -5p M 


where N, is the number of revolutions per second at 
time t,, and N is the number of revolutions per second 
at time ¢. As a matter of fact, by measuring the deceler- 
ation of the rotor while it is coasting freely, the 
apparatus serves as an excellent absolute low-gas- 
pressure gage. With the gas pressure below 10-° 
mm-Hg the friction is so small that the rotor will ac- 
celerate as an induction motor to the speed correspond- 
ing to the frequency of the oscillator and then “lock 
in” and spin as a synchronous motor. In practice, when 
it is desired to spin the rotor at extremely constant 
speed and a small temperature rise can be tolerated 
during the acceleration period, as in the ease of a 
rotation mirror, the rotor is accelerated as an induction 
motor to just above the running speed. The oscillator 
is then connected to a crystal control which holds it 
constant to the order of 1 part in 10°, and the rotor 
speed settles down and “locks in.” In a few minutes 
all observable “hunting” vanishes, and the rotor speed 
is at least as constant as the frequency of the oscil- 
lator (19). The rotor speed is determined by reflecting 
or scattering light off the rotor into a photomultiplier 
tube, as shown in Fig. 4. A mark placed on the rotor 
causes the photomultiplier output to be periodic with 
a repetition rate equal to the speed of the rotor. This 
signal is amplified and compared with that from a 
calibrated variable frequency oscillator on a cathode- 
ray oscilloscope screen. For the most precise deter- 
mination of rotor speed, the output of the photomul- 
tiplier is compared with the broadcast signal of sta- 
tion WWV of the National Bureau of Standards. 

By spinning a rotor until it explodes, the maximum 
strength of the rotor material can be computed if the 
rotor is properly designed. For spherical rotors the 
maximum stresses are at the center and, therefore, in 
a region not containing a surface. Table 1 gives the 
results obtained with a series of carefully selected steel 
ball bearings just before they exploded (16). They 
are the maximum values obtained. It will be observed 
that all the rotors exploded at approximately the same 
peripheral speed, which is in accord with theory, and 
also that the highest centrifugal acceleration, which 
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Table 1. Bursting speeds of spherical steel rotors. 


Maxi- 
Peri- Cen- mum 

Rotor Roter pheral trifugal ealeu- 

speed 

diam (10° speed acceler- lated 

(mm) . (10° ation stress 
em/see ) (10°9) (10° 

Ib/in.*) 
3.97 4,420 96 47.1 410 
2.38 7,410 92.5 72 385 
1.59 12,660 105 143 498 
0.795 23,160 96.5 240 420 
0.521 37,980 104 428 488 
0.398 48,000 100 515 454 


was just greater than a half-billion times gravity, was 
obtained with the smallest rotor. The caleulated maxi- 
mum stresses that occur at the center were calculated 
by elastic theory (21) and were not corrected for 
plastic flow. 

If a thin film of material is uniformly deposited on 
the complete cylindrical surface of a rotor such as 
that shown in Fig. 1, it can be shown (17) that 
= T+ Ar/h, where N is the rotor speed in 
revolutions per second, r is the rotor radius, d is the 
density of the deposited film, h is the film thickness, T 
is the tensile strength of the deposited film, and A is 
the adhesion (adhesive force per unit area). Since the 
second term on the right contains r/h, while the first 
does not, by using rotors of different radii both the 
tensile strength and adhesion can be obtained. Also, 
by depositing the films on the rotor surface in patches, 
the “hoop strength” vanishes, and the adhesion is ob- 
tained directly. _iltimar in order to obtain the tensile 
strength of the films, small rotors were used in order to 
make r/h as small as possible; and a process of ther- 
mal eyeling was applied to the rotor containing the 
deposited film in such a way that the adhesion was 
reduced to a negligible value. A series of measure- 
ments made on electrodeposited silver films as a fune- 
tion of their thicknesses showed that for film thick- 
nesses greater than about 3x10-> in. the tensile 
strengths were approximately the same as found in 
bulk silver and independent of the thickness. How- 
ever, between about 3x10-° and 10-5 in. the tensile 
strength of the films increases manyfold (17, 18). 
This result is probably to be expected from the dis- 
location theory of metals. The experiments on the 
adhesion of silver films to metals are less clear, but 
there is an indication that the adhesion begins to in- 
erease at thickness of roughly half that where the 
tensile strength increases, 

If the rotor of Fig. 1 is made of high-strength ferro- 
magnetic material with properly ground flat mirror 
surfaces, it becomes an excellent high constant-speed 
rotating mirror. A rotor with six flat mirror surfaces 
each 0.25 in. wide has been operated at 20,000 rev /see 
for long periods of time (19). The rotor speed was 
controlled by a thermostated crystal, and no variation 
in speed could be measured. The speed was deter- 


mined to about 1 part in 10°. The accuracy was lim- 
ited by the estimated reliability of the signal received 
from WWYV. This rotating mirror is almost ideal for 
studying phenomena that radiate light in short inter- 
vals of time. Also, it should be well suited for velocity- 
of-light measurements as soon as suitable light paths 
can be measured with accuracy comparable to that of 
the rotor speed. 

The fact that the tensile strength of silver films in- 
ereases rapidly when the thickness is decreased below 
3x 10-5 in. at room temperature naturally raised the 
question of whether or not this effect will occur at very 
low temperatures and, if so, at greater or smaller 
thicknesses. Figure 5 is a schematic diagram of an 
apparatus at present being used to study the tensile 
strength of films and of metal crystals at liquid nitro- 
gen and liquid helium temperatures. The rotor is 
freely suspended in a glass vacuum chamber sur- 
rounded by two concentric Dewar flasks. The inner 
flask contains liquid helium and the outer liquid nitro- 
gen. The support solenoid surrounds the outer flask. 
The horizontal damping of the rotor is provided by a 
small, steel needle attached to a small eylinder of 
plastic foam. The support circuit is essentially the 
same as that previously described. With some modifi- 
cation of the method, the rotors also may be suspended 
and spun up to temperatures where the rotor material 
loses its ferromagnetic properties. 

Perhaps the most important use of high-speed rotors 
is in centrifuges for separating material and for the 
determination of molecular weights. Of these two 
centrifuge problems, the measurement of molecular 
weights is perhaps the more exacting on the appara- 
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Fig. 5. Method of magnetically supporting rotors at low 
temperatures. 
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Fig. 6. Magnetically supported ultracentrifuge. 


tus. Therefore, a brief description of the magnetically 
supported ultracentrifuge (22) is given. There are 
two principal methods of determining the molecular 
weight of a substance by centifuging (5). In the first, 
or rate-of-sedimentation, method the rate of settling 
of the substance in the centrifugal field is measured. 
In the second, or equilibrium, method the centrifuging 
is continued until the sedimentation is balanced by 
back diffusion, and the concentration of the substance 
is measured at various radial distances. The first 
method requires a relatively high centrifugal field and 
a centrifuging time of a few hours, whereas the second 
employs a relatively less intense centrifugal field but 
a centrifuging time of several days or weeks. In the 
past the first, or rate-of-sedimentation, method has 
been used more widely where the molecular weights 
are large enough to give an appreciable rate of sedi- 
mentation because of the difficulty of maintaining the 
speed and temperature of the centrifuge rotor ex- 
tremely constant for long periods of time. On the 
other hand, the theory used in the second, or equili- 
brium, method is much more reliable because it is 
based directly upon thermodynamics rather than upon 
Stokes’ law, as in the case of the rate-of-sedimentation 
method. Furthermore, with the same rotor speed the 
equilibrium method may be used for much smaller 
molecular weights. 

Since magnetically suspended rotors in a high 
vacuum have a very small frictional resistance and 
are freely suspended, their temperature may be ac- 
curately maintained constant by thermostating the 
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vacuum chamber walls, Also the rotor speed can be 
accurately controlled. Consequently the magnetically 
suspended rotor should make an excellent ultracen- 
trifuge. 

Figure 6 is a diagram of the ultracentrifuge and 
Fig. 7 shows the ultracentrifuge rotor wit!. the vacuum 
chamber removed. The rotor R is freely suspended in- 
side the brass vacuum chamber V by the solenoid F 
situated above the chamber. It is accelerated to oper- 
ating speed by the air turbine 7 below the chamber. 
The turbine is connected to the rotor by the small 
diameter shaft S that passes through the vacuum-tight 
oil glands G, and G,. The shaft S fits into a slot in 
the rotor; and, when the rotor reaches the desired 
operating speed, it is pulled out. This disconnects the 
rotor from the drive and allows it to coast freely dur- 
ing the period of observation of the sedimentation. 
The sedimentation is observed optically by passing a 
beam of light through window W,, the centrifuge cell 
K,, the right-angle prism P, and out through window 
W,. 

The rotor R shown in Figs. 6 and 7 is made of 
Duralumin with a steel core and weighs about 10 Ib. 
More recent rotors are about the same shape and 
made of alloy steel. They weigh about 30 lb, and the 
distance from the axis of rotation to the center of the 
centrifuge cell K, is 6.5 em. The support solenoid F 
consists of 28,000 turns of No. 22 enameled copper 
magnet wire and has a resistance of about 1200 ohms. 
The operating current in the solenoid is between 150 
and 350 ma. The cylindrical steel core C of the solenoid 
(14% in. in diameter and 12 in. long) is suspended 
by a small wire B, as shewn in Fig. 6. The lower end 
of C hangs in a dash-pot of No. 40 motor oil which 
damps any swinging motion. This damps any horizon- 
tal motion of the rotor R in a way similar to that in 


Fig. 7. Magnetically supported ultracentrifuge rotor with 
vacuum chamber removed. 
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the apparatus of Fig. 1. Incidentally the core C can, of 
course, be permanently magnetized if desired. Some- 
times this has been found to be advantageous. The 
support circuit is similar to that shown in Fig. 2, and 
reference should be made to previous papers for de- 
tails (22, 23). 

With the air pressure the order of 10-° mm-Hg and 
the 30-lb rotor coasting freely at 300 rev/see, it re- 
quired approximately 3 days to decelerate 1 rev/sec. 
This very slow rotor deceleration allows the rotor 
speed to be measured by comparing it with the broad- 
east signal from station WWV to 1 part in 1 million. 
The temperature of the walls of the chamber and, 
henee, that of the rotor is held constant to better than 
1 part in 10,000 for as long as desired. With this 
equilibrium method the molecular weight M, is given 
by the relationship (5). 


_ 2RT loge (C,/C2) 

where C, and C, are the concentrations at the radii 
r, and r,, respectively, 7 is the absolute temperature, 
V is the partial specific volume, d is the density, and N 
is the number of revolutions per second. This formula 
is for a dilute ideal incompressible solution. With V 
measured to 1 part in 10° and 7 to 1 part in 10*, the 
values of C, and C, are the least precisely known 
values in the relationship. The partial specific volume 
V and density d are measured in separate experi- 
ments, so they need not be considered here. In view 
of this, a great deal of effort has been devoted to im- 
proving the precision with which the concentration in 
the centrifuge cell can be measured. First, it was nec- 
essary to develop a centrifuge cell (24) in which the 
optical distortions were balanced out; and, second, an 
interferometer method was developed for determining 
the refractive indexes of the solutions while the rotor 
was spinning (25). From these refractive index meas- 
urements the values of C, and C., may be much more 
precisely determined, but they are still the least accu- 
rately known of the quantities measured while the 
rotor is spinning. 

In the true equilibrium experiments the rotor speed 
is held constant during the process of centrifuging. It 
will be noted that, although “hunting” of the rotor is 
entirely absent in the afore-mentioned centrifuge, the 
rotor speed is very slowly decreasing (0.3 rev/sec 
day). Archibald (26) has shown that, if 


1 aN], sxe 
ar | 48 S<<l, 


where S is the sedimentation constant, then the equi- 
librium condition will remain once it is established in 
the centrifuge cell. These conditions are satisfied in 
practice by the foregoing equilibrium centrifuge. As 
a matter of fact, the equilibrium condition is estab- 
lished in the centrifuge cell in much less time with the 
rotor speed very slowly decreasing than if the speed 
were held constant, which is a considerable advantage. 
In practice this centrifuge may be used for molecular 
weight measurements over the range from 10? to 10’ 
molecular weight units with excellent precision. For 
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example, in the case of sucrose, which is in the most 
difficult range, the molecular weight values obtained 
are accurate to three significant figures. 

The air-turbine drive shown in Figs. 6 and 7 was 
adopted because the rotor could be rapidly acceler- 
ated to operating speed without heating. However, 
there are many experiments in which it would be bet- 
ter to have an electric drive for the centrifuge with 
which the operating speed could be made extremely 
constant. The problem is difficult, because the tem- 
perature of the rotor should not change as a result of 
the drive during the acceleration period. Such a drive 
has been under development at the University of Vir- 
ginia for some time (20). In one method (27) small 
permanent magnets are mounted in the lower part of 
the rotor at about one-third of the rotor radius with 
their axes parallel to the axis of rotation and are 
driven by a rotating magnetic field below the rotor 
with a frequency equal to the rotor speed but slowly 
increasing. The rotor thus accelerates as a synchronous 
motor and is not heated. When the rotor reaches the 
operating speed, the frequency of rotation of the 
magnetic field is held constant. It is believed that the 
ultracentrifuges here described will be useful, not only 
for the measurement of molecular weights, but also 
for the measurement of molecular weight distributions, 
and that they may be used not only as equilibrium 
centrifuges but also for rate-of-sedimentation meas- 
urements. 

Space does not permit the further review of many 
more uses of the magnetically supported, high-speed 
rotors; but it is believed that their use should be seri- 
ously considered whenever high or constant rotor speed 
is required or the bearing friction must be low. Finally, 
for some cases where the control cireuits are not feas- 
ible, the diamagnetie properties of superconductors 
may be used for supporting spinning magnets. When 
magnetic fields cannot be used electrostatic suspensions 
are probably feasible. 
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Scintillation Spectrometer with 
Improved Response 


P. R. Bell 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 


HE physical electronics group at the Oak 

Ridge National Laboratory has constructed 

an improved scintillation spectrometer that is 

one step closer to the ideal gamma-ray spec- 
trometer, namely, one that would give one single peak 
in its response for a monoenergetic gamma ray and 
would have nearly 100-percent efficiency. 

The usual scintillation counter produces a pulse dis- 
tribution for a monoenergetic- gamma ray that in- 
eludes, in addition to a peak representing the full 
energy of the gamma ray, a continuous distribution 
of pulses from zero size to a well-defined upper limit 
lower than the principal peak. This continuous dis- 
tribution is caused by gamma-ray quanta that interact 
with the phosphor by the Compton process wherein an 
electron and a scattered gamma-ray photon share the 
energy of the original quantum. The scattered photon 
may escape from the phosphor; if it does, only the 
smaller pulse caused by the electron is recorded. A 
similar escape of energy often follows a pair-produc- 
tion process, wherein the created electron pair shares 
the energy left over in the original quantum above 
the amount (1.02 Mev) required to produce the elec- 
tron and positron of the pair. After both members of 
the pair are stopped in the phosphor, the positron 
combines with some nearby electron to produce by 
annihilation two photons of 0.511-Mev gamma ray. 
One or both of these photons might escape from the 
phosphor without absorption. 

The response of an ordinary scintillation counter to 
gamma rays is shown in Figs. la and 2a. The phos- 
phor in the ordinary counter was a right cireular cylin- 
der of sodium iodide activated with thallium, 1144 in. 
in diameter and 1 in. high. Figure la shows the re- 
sponse to the radiations from Zn®* which gives a 
gamma ray of 1.114 Mev and a very weak positron 
emission (resulting in a small amount of annihilation 
radiation). The peak at 640 pulse-height divisions is 
produced by complete absorption of the 1.114-Mev 
gamma ray. The peak at 300 pulse-height divisions is 
produced by the 0.511-Mev annihilation photons from 
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the B+ emission. The broad continuum extending up to 
about 500 divisions is the Compton electron-pulse dis- 
tribution where the seattered photons have escaped. 
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Fig. 1. Response of large and small crystals to the gamma 
rays of Zn®. 
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The peak at 130 divisions is produced by radiation 
seattered from the surrounding objects. 

Figure 2a similarly shows the response of the small 
phosphor to the gamma rays of Co® (1.16 Mev and 
1.32 Mev). 

The largest sodium iodide crystal that we have is 
equivalent to a sphere 514 in. in diameter. This crystal 
with its 5-in. photomultiplier was placed in a reentrant 
thin-walled tube in the center of a large iron tank con- 
taining a solution phosphor (Fig. 3). Four 5-in. pho- 
tomultipliers look at the solution phosphor, and the 
reentrant tube is stoppered with a small tank of solu- 
tion phosphor looked at by a fifth photomultiplier. 
The pulse spectrum from the sodium iodide counter 
was examined by a multichannel analyzer with the 
output from the solution phosphor counter in anti- 
coincidence so that no pulse from the central detector 
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Fig. 2. Response of large and small crystals to the gamma 
rays of Co”. 


Fig. 3. Coincidence tank counter. 


would be counted if there were also a scintillation in 
the liquid. 

The solution phosphor is so large that most of the 
secondary photons that escape from the sodium iodide 
crystal are detected in the solution and the smaller 
pulse in the Nal counter is not recorded. 

Figure 1b shows the response of the large erystal 
to the Zn®® gamma rays from a source placed in a 
hole drilled to the center of the crystal. Note the great 
reduction of the Compton distribution. Figure 2b 
shows the response of the large erystal to the Co*° 
radiation when the tank is not in anticoincidence. The 
larger crystal alone gives considerable reduction of the 
Compton distribution. The two gamma rays of Co*® 
are in cascade and are produced with negligible delay 
so that very frequently both gamma rays are com- 
pletely detected, giving rise to a pulse representing 
the sum of the gamma-ray energies (2.5 Mev). 

The lower curve (Fig. 2c) shows the effect of 
adding the anticoincidence circuit. The Compton dis- 
tribution is greatly reduced, and the two peaks rep- 
resenting the single gamma rays, with the other mem- 
ber of the cascade escaping entirely, are also strongly 
reduced because of the detection of the escaping mem- 
ber in the tank. 

A somewhat larger tank would absorb essentially all 
the radiation escaping from the central crystal, and 
only those pulses would be recorded that represent 
eomplete absorption in the erystal of all radiation 
from each event. 
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Instrumental Drift* 


W. J. Youden 
National Bureau of Standards, Washington 25, D.C. 


HE developments in instrumentation and 

control devices in recent years are manifest 

in most laboratories. These advances have 

brought better measurements and have eased 
the labor of obtaining and recording them. Further- 
more, improved instrumentation often has made it 
feasible to take more measurements. There is another 
consequence, one that many experimenters will con- 
sider an advantage, to be credited to better instru- 
ments. Better measurements, and more of them, have 
made it possible to interpret most data without re- 
course to statistical techniques. 

Experimenters habitually try to select instruments 
and to control measurement procedures in order to 
get reproducible measurements that are good enough 
for their immediate purposes. These purposes gen- 
erally fall into two classes: either the experimenter 
wants to keep the uncertainty in the result below some 
specified value, or else he wants to be able to distin- 
guish between objects if these differ by some minimum 
amount in the measured property. If the worker suc- 
ceeds in these respects, the interpretation of the data 
is simplified, because the uncertainties in the measure- 
ments can be, and usually are, ignored. 

Apparently it is easier for many people to obtain 
elaborate and expensive control devices than it is to 
delve into the subject of the statistical design of ex- 
periments. Or they may be unaware that statistical 
design can bring the same kind of improvement in 
the data that comes from providing a uniform en- 
vironment and will do this with little or no expense. 
The ideal measurement procedure should give results 
that the experimenter can accept without worrying 
about their reliability. The experimenter is then free 
for the task of studying the relationships that are in- 
volved in his scientific problem. In most cases the 
measurements are subject to random and other un- 
known sources of error that may either obscure rela- 
tionships or even give the appearance of relationships 
when in fact there are none. 

A good place to introduce statistics is in the pre- 
liminary trials an experimenter makes to assure him- 
self that his apparatus and instruments are in a satis- 
factory operating condition. Consider the question of 
whether or not the instrument is subject to drift. 
Drift is usually explored by making ~-a series of re- 
peated measurements on the same object. Another 
question then plagues the worker. How ean these re- 
peated measurements be made independent of one an- 
other? How can the operator “forget” previous read- 
ings so that subsequent readings will not be influenced 
by earlier ones? These matters will be considered 
later. 

Suppose the experimenter has made a series of 
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measurements on the same object and has plotted the 
values as ordinates against the serial numbers of the 
measurements. A line drawn parallel to the z-axis 
with y equal to the average of all the readings will 
provide a visual test to detect trends in the sequence 
of readings. The experimenter would like to have the 
measurements indiscriminately seattered about the line 
and confined between two bracketing parallel lines as 
close as possible to the average line. If there is a pro- 
nounced trend, the visual test will reveal it. On the 
other hand, the experimenter may not be sure. Here, 
then, is the opportunity to use an objective statistical 
criterion to bolster his own judgment. 

Table 1 lists measurements y,, y, ..., Y, in the 
order in which they were obtained. Two quantities, 
S? and D?, may be computed from the observations 
in Table 1. The ratio of D*® to S* should fall within 
predictable limits about the integer 2 if the results 
are free from trends. The quantity S? is the sum of 
the squares of the deviations of the plotted points 
from: the horizontal line through the average. The 
formula 


where y is the average value, is a convenient way to 
obtain this sum of squares. Incidentally, the estimate 
of the standard deviation for these measurements is 
V8*/(n-1). 

The quantity D? is the sum of the squares of the dif- 
ferences between successive measurements: D? = =d,?. 
It will be noted that the interval between two succes- 
sive measurements gives only slight opportunity for 
the trend to operate. The d’s are nearly what they 
would be if there were no trend at all. In contrast, the 
deviations between the individual y’s and ¥ are sus- 
ceptible to the trend, and S? will be larger than it 
would otherwise be. The value of the ratio D*/S* will 
then fall below 2.0. 

It remains to set up some criterions for the allow- 
able ratio of D?/S?. In any set of observations, the 


Table 1. Successive differences between measurements. 


Order of Successive 
measurement Measurement difference 
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errors of measurement may, by chance, fall into sus- 
picious configurations even when there is no trend. 
This is more likely to happen if the series is a short 
one so the limits for the ratio D?/S? will depend on 
the number x of measurements. 

Bennett (1, 2) has adapted som tables, published 
by Hart (3), that list limits of D?,S*, each of which 
will be exceeded on the average in 1 out of 20 sequences 
(or 1 in 100) for sequences that are not afflicted by 
any trend whatsoever. Thus, if a particular sequence 
does transgress these boundaries, it is usual to con- 
sider this as evidence of a trend rather than as a very 
improbable occurrence. Table 2 shows some specimen 
values of the limits taken from Bennett’s table. 

Sufficiently low values of the ratio D?/S* are evi- 
dence of a trend. Overly large values of D*/S* also 
indicate that the data depart from the expected ran- 
dom scatter. One way that the ratio may be inflated 
is by changing the zero setting or making other ad- 
justments between successive readings. In general 
these adjustments will lead to a succession of large 
differences between successive readings and therefore 
will inflate D?. 

The following 20 determinations of the percentage 
of nickel were made on 20 successive segments of a rod 
of alloy by a spectrochemical procedure: 42.4, 40.8, 
41.0, 41.8, 40.3, 40.8, 40.8, 39.6, 41.5, 41.5, 40.2, 40.4, 
41.0, 42.2, 39.4, 41.0, 41.4, 40.6, 42.4, 40.8. It was im- 
portant to know whether there was a trend along the 
rod. The computation for D*/S? gave 31.32/12.99, or 
2.41. The quotient is well within the listed limits for 
the ratio with n equal to 20, and there is no convincing 
evidence for a trend. The scatter of the data about the 
average line is shown in Fig. 1. 

One obvious way to avoid the effect of remembering 
previous readings, referred to earlier, is to change the 
object being measured. At first thought, this would 
appear to make it impossible to detect any trend or 
drift in the measuring equipment. Certainly each read- 
ing will now depend on which object is measured and, 
if there is a drift, where the measurement is in the 
series. Such entanglement of effects can, however, be 
readily resolved if the objects are measured in an ap- 
propriate sequence. The devising of these sequences 
is one of the activities in the field of statistical design. 
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Fig. 1. Percentage of nickel in successive segments of an 
alloy rod. 


Five objects, A, B, C, D, and EF, may be available, 
and each could be measured four times in a sequence 
of 20 measurements. The problem is to set up a sched- 
ule that will still make it possible to detect the trend. 
Obviously nothing will be gained if four measurements 
are made on A, then four measurements on B, and 
so on. The memory difficulty is still present, and the 
values obtained for each object are inseparably com- 
bined with the drift, if any, in the instrument. 

An alternative arrangement that begins to get into 
the problem is one that divides the sequence into four 
parts, each part containing all five objects. Thus, 


BAEDC | BEDAC | EDCBA | CAEDB 


The order of the objects within each part should be 
random. Now the average for the five objects in a 
particular block should be the same as the average in 
any other block except insofar as a trend happens to 
be present. In a coarse way, these averages, when 
plotted opposite 3, 8, 13, and 18, begin to reveal any 
instrument trend. The actual trend in any block that 
would be revealed by five ordinates is replaced by the 
average of these ordinates and centered in the middle 
of the block. 

A modification of the afore-mentioned procedure 
will delineate the presumably rather smooth curve 
that corresponds to the true trend line during the 
measurements. The curve can be approximated by 
drawing short horizontal lines in a stepwise fashion 
along the curve. Each short horizontal line replaces 
the slant and slightly curved line in its vicinity. This 
horizontal line is located at a height equal to the 
average ordinate of the curve in the narrow band cov- 
ered by the curved short line. If there were some way 
to determine the position of these short horizontal 
lines, the curve, or trend line, would stand revealed. 
It is better to have as many short lines as possible and 
to have them as short as possible. Ten short lines, each 
covering two measurements, afford a better approxi- 
mation to the trend curve than four lines, each cover- 
ing five measurements. 

A difficulty then arises in the fact that the pair of 
objects used in any part will not be the same as the 
pair used in some other part of the curve. This would 
appear to make the averages for each pair useless for 
comparison, because the objects are different. If the 
pairs are formed in an appropriate manner, there is a 
simple procedure for comparing the parts, despite the 
fact that different objects occur in the different parts. 

Five objects can be used to form 19 different pairs, 
each object appearing in four of the pairs. 

Part a b gt i j 

Object AB|DE| 
These pairs break the trend curve into 10 parts. The 
order of the pairs is immaterial. The purpose is to 
determine the average values of the ordinates for each 
of the 10 parts, just as if all the measurements had 
been made on one object. 

First use is made of the fact that the objects in any 
part, say A and B in part a, appear in six other parts. 
Thus, by using object A, the differences between part 
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Table 2. Limits for the ratio D*/S8*. 


a 1 in 20 1 in 100 
- Lower Upper Lower Upper 
5 0.82 3.18 0.54 8.46 
10 1.06 2.94 0.75 8.25 
15 1.21 2.79 0.92 8.08 
20 1.30 2.70 1,04 2.96 


Table 3. Determination of average value of ordinate a. 


Difference between ordinates 

A 3(a~d) =2, 
A 3(a-g)=2, 
A j) 
B 3(a-c) =2, 
B 3(a-f) =2; 
B 3(a—h) = 2% 
D (h+j) -(b+e) =a, 
E (d+f)-—(b+i) 

Sum 

Equivalently = 


And a— (average ordinate over all parts) = #;/20 


Table 4. Comparison of actual’and caleulated instru- 
ment drift. 


Calen- 
Ob- lated 
Instru- ject devi- Caleu- 
ment and Part ation lated 
cor drift its in from drift* 
value mean 
drift 
1 0 A 
° 4 B 8&3 89 a - 29 2.1 
3 7 D 5S 62 
4 10 4 55 } 
5 18 B 8 98 
7 #W 4 «68 
8 17 A % 92 } aq 20 17.0 
» 10.700 18.7 
11 #618 B 4 SB 
2 10 B 8 95 60 11.0 
13 7 A 75 #88 
M4 4 C 65 69 } 9 0.5 55 
15 0 B 8 
} h 62 - 12 
7-7 C 6 S88 
} -M1 - 91 
19 -13 D 58S 42 


* It is possible to determine this calculated drift only when 
the mean value of drift is known or determinable. In this 
example, the valne 5.0 is used for the average of all ordinates 
from the curve of Fig. 2. 
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a and parts d, g, and j can be estimated; by using 
object B, the differences between part a and parts ¢, f, 
and h can be estimated. This leaves parts b, e, and i to 
be considered. Notice that, by using object C, parts ¢ 
and g can be compared with parts e and i; by using 
object D, parts h and j can be compared with parts 
b and e; and finally F gives parts b and i in terms of 
parts d and f. The lower-case letters are used to rep- 
resent the average ordinates of the parts. These differ- 
ences are shown in Table 3. 

When a result located in a part, say d, is subtracted 
from a result in another part, say a, using the same 
object (A), the value of A, whatever it may be, drops 
out. The first six differences tabulated are multiplied 
by 3 to bring the sum to the form shown in Table 3. 
All letters other than a have the coefficient - 2. The 
ordinate for part a, multiplied by 18, has twice the 
sum of the ordinates for all other parts subtracted 
from it, and Xz, is the result. The difference is un- 
changed if twice ordinate a, or 2a, is added and sub- 
tracted. Division by 20 then gives the ordinate for a 
when added to the average ordinate over all parts. 

A constructed example illustrates how well the 
scheme works, Suppose an instrument drifts as shown 
in Fig. 2. The curve shows the drift expressed in units 
of the terminal figure recorded. The instrument starts 
out and drifts so that after a time the readings are 
too high by about 17 units in the last place; then the 
trend reverses and drops until at the end readings are 
too low by about 15 units. 

Imagine that five objects, A, B, C, D, and E, are 
available and that these, when measured, should give 
the values 75, 85, 65, 55, and 45, respectively. By read- 
ing from the drift curve and by assigning the values 
for the objects, one obtains a sequence of 20 readings, 
as shown in the fourth column of Table 4. 

The only information that is assumed available for 
the statistical analysis is the column of observed read- 
ings together with the identities of the objects. It is 
assumed that the objects themselves do not change in 
value during the observations. The calculation of the 
average drift corresponding to part a, using the data 
of Table 4 and the equations of Table 3, is shown in 
Table 5. 


Table 5. Calculation of average drift corresponding to 
part a. 


os ng Difference between ordinates 
object 
A 3(75 -92) =-51 
A 3(75 - 82) =-21 
A 3(75-60)= 45 
B 3(89 - 98) =- 27 
B 3(89-95) =-18 
B 3(89-85)= 12 
Cc (80 + 69) (814+58)= 10 
D (52 + 42) (624+ 70) =- 38 
R (62 +58) —- (554+35)= 30 
Sum 18a-2(b+c+d+...+ fj) =-58 
Equivalently 20a -2(a+b+e+...+f) =-58 
And a— (average ordinate over all parts) =— 58/20 


Therefore calculated deviation from mean drift =— 2.9 
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Table 6. Determination of average vaiue of ordinate b. 


‘ Differences between ordinates 
Using 
object In symbols Using data of Table 4 
D 3(b-e) =a, 3(62-70) =-24 
D 3¢b -h) =a, 3(62-52) = 30 
D 3(b - j) =a, 3(62-42) = 60 
E 3(b-d) =", 3(55 - 62) =-21 
E 3(b-f) =a, 3(55 -58) =- 9 
E 3(b-i) =a, 3(55-35) = 60 
A (d+j) -—(a@+g) =2, (92 + 60) — (75 +82) =- 5 
B (f +h) -(a+e) =2, (95 + 85) — (89+98) =- 7 
Cc (e+i) (81+58) — (80+ 69) =-10 
Equivalently 20b = = 
And b — (average ordinate over all parts) = S2;/20 = 74/20 


Caleulated deviation from mean drift= 3.7 


To caleulate the ordinate for b, we must set up an- 
other series of differences similar to the series used 
for the calculation of a (Table 3). These new differ- 
ences are given in Table 6. 

In setting up the series, note that the objects ap- 
pearing in part b are objects D and E. Therefore the 
first 3 differences (x,, x. 2,) are obtained by taking 
the value of object D in part b and subtracting from 
it the respective values of object D in the other three 
parts in which it appears. The next three differences 
(24, 25, 2.) are obtained using the values of £ in simi- 
lar fashion. The difference x, is obtained by taking the 
sum of the values of A in the two parts where A ap- 
pears with D and E and subtracting the sum of the 
two values of A that appear with B and C. 

Similar sets of differences must be set up for all 10 
parts in order to calculate the ordinates. In each in- 
stance the sum of all nine equations will be of the 
form shown in the sets given for a and b and, there- 
fore, will provide a check that the proper differences 
have been set up. As a further check, when all 10 
values of deviation from mean drift have been caleu- 
lated, their sum should equal 0. 

The numerical procedure outlined in the preceding 
paragraphs, leads to the estimates shown in the last 
column of Table 4. These, unavoidably, apply to both 
observations in the pair to which they are attached. 
Inspection reveals that the calculated drift is in excel- 
lent agreement with the averages of the two drifts 
recorded for each pair in the second column. Further- 
more, by the pattern of deviations from mean drift 
(Fig. 2), the drift of the instrument stands revealed 
through the overlay of the different objects measured. 

The drift curve was plotted on the assumption that 
the 20 observations were taken at equal intervals of 
time. This restriction may be relaxed, provided that 
the two observations forming any pair are taken in 
elose succession and provided that the times are re- 
corded, The z-axis becomes a time scale and the aver- 
age ordinate for each part is located at the average 
time for the two observations. 

One of the merits of using different objects is the 
fact that the observer cannot anticipate the next read- 
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ing and this assists in the attainment of objectivity in 
the readings. This objectivity is particularly desirable 
in the matter of estimating the precision of the read- 
ings. Precision is usually estimated from immediately 
successive readings on the same object, and it is diffi- 
cult to avoid forming an optimistic appraisal of the 
precision. The present scheme also makes possible an 
estimate of the precision. The numerical details are 
available (4-7). 

So far all the emphasis has been placed on the per- 
formance of the instrument. The instrument will be 
used to measure objects, and it is reasonable to inquire 
whether the 20 observed readings in Table 4 can also 
be used to estimate the values of the five objects. 

The pairs were formed in all possible ways from the 
five objects. Consequently, any given object has been 
matched with the four others in some four of the 10 
parts. And, most important, in any part made up of 
two readings it can be assumed that the instrument 
drift error is approximately the same for each read- 
ing. In taking the difference between the readings for 
two objects in a part, the instrument drift, whatever 
in may be at that time, virtually drops out. The dif- 
ference obtained is just about what it would be if there 
were no drift at all. 


CALCULATED FROM MFAN ORIFT 


5 10 's 20 
READING NUMBER 


Fig. 2. Instrument drift in units of the terminal figure 
recorded. 
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Table 7. Comparison of correct and ealeulated values 
for the objects measured. 


Correct Caleulated Colenlnted 
Object value 
value value 
less 5.0 
A 75.0 79.4 74.4 
B 85.0 90.4 85.4 
Cc 65.0 70.6 65.6 
D 55.0 59.0 54.0 
E 45.0 50.6 45.6 


The arithmetic for evaluating the objects is less in- 
volved than that used for the drift. To caleulate an 
average for A, form the following differences: 


Using part a, A-B=-14 
Using part g, A-C= 13 
Using part j, A-D= 18 
Using part d, A-E= 30 


Sum, 4A (B+C+D+E£) =47; 
Equivalently, 54 -(4+B+C+D+E) =47; 
And A average of all=9.4; 
Average of all 20 readings=70.0; A=70.0+9.4=79.4. 


Table 7 shows the calculated averages for the ob- 
jects alongside the correct values. There is evidently 
a marked discrepancy between the correct and caleu- 
lated values. The fourth column shows the calculated 
values all diminished by 5.9, and now the two sets 
show good agreement. The correction, 5.0, cannot be 
evaluated in any actual case. It is, in fact, the average 
value of the drift introduced by the instrument. There 
is no way, short of the good fortune in having one of 
the objects a known standard, to separate out the aver- 
age drift from the average of all the objects. 

In much experimental work the difference between 
test items is all that is important to establish. Where 


absolute values are required, a standard object is in- 
dispensable. If the absolute value of one object is 
known, all other objects can then be determined. 

Many choices are available in the construction of 
the sequence used. The parts or blocks may be of any 
size. For example, seven objects ean be arranged in 
seven triads, or 10 objects in 10 triads. 


ABD | BCE | CDF | DEG | EFA | FGB | GAC 
ABE | HIJ | BHC | GEI | IDB | EFH | CJD | JGF | DAG | FCA 


The first of these sequences is an example of a class 
of designs called balanced incomplete blocks. The see- 
ond sequence is a partially balanced incomplete block 
design. Various discussions of these designs are avail- 
able (4, 5, 7). 

There is a final important comment to make. Com- 
parisons of objects can be made even with a drifting 
instrument. Even when the instrument has been operat- 
ing satisfactorily, the experimenter perforce usually 
has had to assume that this state was maintained while 
making the critical measurements. Statistical design 
makes it possible to show that the instrument did stay 
in adjustment and, if not, to introduce appropriate 
adjustments. 
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Phase Microscopy 1950-1954 


Oscar W. Richards 
American Optical Co., Research Department, Southbridge, Massachusetts 


HIS paper is an analytic summary of some 

200 publications that have appeared for the 

most part since the publication of Phase 

Microscopy (1). Phase microscopy is now so 
generally used that it often does not appear in the 
titles or abstracts of papers. This makes a complete 
listing of papers nearly impossible, and omissions are 
the result of failure to find the publications. Phase 
microscopy is useful for the study of colorless trans- 
parent or nearly colorless transparent materials con- 
taining detail composed of small differences in optical 
path (refractive index x thickness), 
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The Phase Microscope 


The principles on which the phase microscope is 
based are illustrated in Figs. 1, 2, and 3. On the left 
in Fig. 1 is shown light wave A’ passing through a 
transparent object C and slowed down with respect 
to light wave A, which did not pass through the trans- 
parent object. Accordingly, light wave A’ is out of 
phase with light wave A. However, both the human 
eye and photographic plates are insensitive to phase 
differences, and as a result the image can scarcely be 
seen or photographed. Light wave A” passing through 
an absorbing medium £ is reduced in amplitude (dis- 
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tanee from crest to trough of the wave). In contrast 
to phase differences, amplitude differences are visible. 
When light waves of the same phase and amplitude R 
are combined in the image they add up to produce 
brighter contrast (Fig. 1, right). Dark contrast can 
be achieved by producing light waves S which are 
out of phase or amplitude with each other. Other com- 
binations of amplitude and phase produce lighter or 
darker grays. 

Figure 2 shows how light waves are superimposed. 
Section 1 shows that the wave P resulting from a 
slightly retarding particle may be broken up into two 
waves S and D. These waves, the central wave S and 
the diffracted wave D, are shown again more clearly 
in section 2. Section 3 shows the result of using a 
bright contrast diffraction plate. Wave S has been 
partially absorbed and retarded so that S and D are 
in phase and combine to produce a brighter image. 
Section 4 shows wave S partially absorbed and wave 
D retarded, so that S and D are out of phase and 
produce a darker image. 

To convert a brightfield microscope into a phase 
microscope, one replaces the condenser with a phase 
condenser containing an annulus (Fig. 3, K, L) and 
the objective with a phase objective containing a dif- 
fraction plate (Fig. 3). No change is required in the 
rest of the equipment. 

When the annulus is illuminated, its image is formed 
at the back focal plane of the objective. A specimen 
placed on the microscope deviates some of the light 
throughout the objective. The diffraction plate is made 
to fit the image of the annulus in the objective by 
evaporating ento the diffraction plate a metal layer 
of proper shape and thick enough to absorb as much 
of the nondeviated light as desired, and by using a 
dielectric material (MgF,,) to retard the light, or both. 
These materials can cover the conjugate area of the 
annular image, the rest of the area (complementary 
area) or part of each area. The contrast depends on 
the nature of the diffraction plate, the width of the 
annulus and conjugate area, and the position of the 
conjugate area. A retardation by a quarter wavelength 
is satisfactory for many specimens. Metal layers trans- 
mitting 7 to 20 percent give high to low contrast. 

A diffraction plate with the dielectric retarding ma- 
terial and the metal on the conjugate area weakens 
and retards the undeviated background light without 
affecting the light deviated by the specimen; with it 
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Fig. 1. Light waves: absorption, retardation, and inter- 
ference. 


regions of higher index in the specimen appear 
brighter than regions of lower index. This gives bright 
or negative phase contrast. 

For dark, or positive, contrast the undeviated back- 
ground light is absorbed by metal on the conjugate 
area and the deviated light from the specimen is re- 
tarded by the dielectric on the complementary area 
(A-type) ; or the undeviated light is weakened or re- 
tarded by metal and dielectric on the complementary 
area of the diffraction plate in the B-type of dark con- 
trast phase microscopy. 

These essentials briefly describe the ordinary phase 
microscope. Instead of fixed contrast diffraction plates, 
experimental work has been directed toward variable 
and color contrast. Details of construction, theory, and 
application are available in (/) and the papers men- 
tioned in this review, which should be consulted for 
further information. 


Theory and Instrumentation 


General elementary papers have been published by 
Brice (2), Diseombe (3), Hopkins (4), Hughes (5), 
Hughes and Cardew (6), Haselmann (7), Inagaki 
(8), Keuning (9), Lippert (10), Martin (11), and 
Richards (12). More advanced discussions include 
those of Berti (13), Francon and Saez (14), Royer 
(15), and Kenohane (16), Radojicit and Brausil 
(16a). Osterberg (17) includes a simplified explana- 
tion of phase microscopy and states the conditions for 
maximum and minimum contrast. The vector theory 
of phase microscopy has been elaborated by Barer 
(18) and nomenclature for phase microscopy has been 
proposed by Barer (19) and Locquin (20). A book 
has appeared in Japanese by Mizuhira (21). Hansen 
et al. (22) present briefly the theory of the phase 
microscope and discuss its application to medicine. 
Hori and Hori (23) describe an approximation sys- 
tem for phase microscopy, and Torikai (24) discusses 
image formation in phase microscopy. 

The Reichert vertical illumination phase equipment 
has been described by Gabler (25) and the Reichert 
phase microscope by Luschin (26). Haselmann (27) 
has written a general article on phase microscopy 
and has described the Winkel-Zeiss phase equipment. 
Zernike (28) has obtained a patent for achromatic 
and color diffraction plates. Francon and Nomarski’s 
vertical phase illuminator has been patented and has 
been described for a Nachet microscope (29). Other 
patents include a slide for phase microscopy by Ben- 
nett (30), a turret by Aitcheson (31), and vertical 
illumination by Osterberg and Jupnik (32). Harrison 
(33) has written on homemade equipment for phase 
microscopy. Gottschewski (3/4) has described the Leitz 
phase microscope with a simple annulus in the con- 
denser that may be magnified to match the diffraction 
plate by focusing the condenser and which also gives 
darkfield illumination (335). 

Variable phase microscopy has progressed slowly 
because of technical difficulties in manufacturing. 
Cooke, Troughton, and Simms have made two variable 
phase microscopes, similar to the Polanret system of 
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Fig. 2. Contrast control by adding or subtracting light. 


Osterberg and Bennett (36) except that quartz was 
used in the diffraction plate instead of Polaroid, but 
they are marketing a multipupil system with variation 
in amplitude alone (37). Loequin (38) and Dufour 
and Loequin (39) used an interferential phase ring 
instead of the classical type to obtain variable contrast 
through varying the wavelength of the illumination; 
it is manufactured by the Société Wild. Variable color 
(Saylor’s system) and comparison with Rhineberg il- 
lumination led Gabler (25a) to conclude that the best 
system would use a dispersion medium in the phase 
plate. Unresolved opaque particles may be measured 
by phase (40). Patents on variable phase have been 
issued to Kastler and Montarnal (41), Frangon and 
Normarski (42), Groves (43), Taylor (44), Oster- 
berg and Bennett (36), and Bennett (45). A quartz 
reflecting system for colored phase contrast has been 
patented by Francon (46). 

Baker (47) recommends that 6-1 unstained sections 
of snail or slug ovotestis (Zenker fixed-paraffin sec- 
tioned) be used as test material for all powers of the 
phase microscope. He also advises against the use of 
monochromatic light for phase microscopy. If a green 
filter is desired, he prefers the Ilford No. 803 for both 
daylight and tungsten light. Rind (48) recommends 
Agfa X-Ray Fluorapid Film and other European 
films for photomicrography. 

The halos seen around starch grains and other de- 
tails with the phase microscope are attributed to lens 
effects by Frey-Wyssling (49), and a later paper (50) 
indicates that the images of lenslike objects are formed 
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of mixed brightfield and phase portions. He also notes 
a reversal in contrast when the index of the medium 
is more or less than the index of the starch. Barer (51) 
advises mounting starch in cedar oil and using polar- 
ized light (52). Epstein (53), using a point source, 
concludes that the edge effeet is the result of diffrae- 
tion, and Butterfield et al. (54) have obtained smaller 
halos by using unequal areas in the annulus and dif- 
fraction plate. B-type dark contrast may be prefer- 
able to A-type because of smaller halos (55). 


Phase Combined with Other Methods of Microscopy 


Barer (56) discusses the possibilities of infrared 
phase microscopy and Taylor (57) describes the ad- 
dition of phase to the Cooke, Troughton and Simms 
ultraviolet microscope. Phase is preferred to darkfield 
for locating the region to be photographed in ultra- 
violet. It is possible after taking the picture to shift 
back to phase to determine any damage from the 
ultraviolet radiation. King (58) deseribes the addi- 
tion of a phase searcher to the Burch reflecting micro- 
scope. Comparison of the phase and pltraviolet pic- 
tures assists interpretation of the specimen, especially 
in the location of nucleie acids and proteins. 

The use of the phase microscope together with other 
methods of mieroscopy is now frequent and is yield- 
ing considerable information. Richter (59) reports 
using fluorescence and phase microscopy for locating 
carcinogens within human blood cells and chick heart 
cultures. Methylcholanthrene, benzpyrene and dibenz- 
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Fig. 3. Diagram of the Spencer phase microscope. 
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: anthracene are soluble in the human and chicken 
. plasma and concentrate in the chylomicrons. Intra- 
cellularly, they are located in the cytoplasmic fat 
22 droplets and the juxtanuclear Golgi granules. There 
is no fluorescent evidence of their being in the erythro- 
A cytes. 

4 Pfeiffer (60) uses a Polanret system for the study 
of starch, combining polarized light and phase. After 
questioning by Barer (61) he admits (60) obtaining 
the idea from the work of Osterberg. Dolejsi is also 
using polarized light with phase microscopy. The ad- 
vantages of phase microscopy with birefringent ob- 
jects are pointed out by Barer (62) and the problems 
of combining phase and interference microscopy are 
discussed by Barer (63) and by Francon (64). 

The phase and electron microscope combination is 
proving particularly fruitful. The phase microscope 
gives basic orientation and the electron microscope 
; considerable detail (65). Ornstein and Polister (66) 
.: use thin sections for the electron microscope and 
slightly thicker ones (1 «) for phase microscopy. With 
good fixation they find no need for staining, for phase 
shows adequate detail. Gey and Bang (67) also are 
using the combination to study the fibrous components 
of the hyaloplasm and the character of intracellular 
traffic in a typical and normal cell. Comparable work 
on bacteria is reported by Winkler et al. (68). Yama- 
guchi (69) used phase to examine the extent that 
replicas are faithful representations of the sources 
from which they are drawn. Phase and electron micro- 
scopes are elucidating the life cycle of fowl plague 
virus for Flewett and Challice (70). 

The use of dispersion staising for the localization 
of free silica has been proposed by Crossmon (71). 
Koenig et al. (72) report photomicrographs of living 
cells obtained with phase and with ultraviolet micros- 
copy. Focusing was done in visible light to minimize 
damage from the ultraviolet exposure. The ultraviolet 
pictures provide information on the morphologic dis- 
tribution of nucleic acids and protein in living cells 
and show alternation from fixation which ean be com- 
pared with the living by phase and by staining in 
brightfield. 

Investigations using phase and electron microscopy 
on nervous tissue are jp progress (73, 74). Dalton 
and Felix (75) are working in the epithelial cells of 
mouse and rat epididymis, and other combined appli- 
eations will be described Jater. Phase is of aid in orien- 
tation for detailed eléetron microscope study, for 
instance with the nebenkern of the grasshopper sper- 
matid (76). 


Motion Pictures and Tissue Cultures 


Cliffe (77) describes a simple motion picture ap- 
paratus for use with the phase microscope and Fred- 
eric diseusses cytologic techniques with phase micro- 
scopy. The motion picture equipment designed by 
Michel (78) is manufactured by Winkel-Zeiss accord- 
_ ing to Frederie (79). Laporte and Roehrich-Goussu 
(80) deseribe zenon or krypton electronic flash for 
illumination. Twelve pictures were made per second 
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with exposures of about 30 usec (8 joules) with the 
85X immersion objective. Locquin’s varicolor system 
required 32 joules. The equipment can provide 100 
flashes per second. 

Chevremont and Frederic (81) report motion pic- 
tures of tissue culture and Haselmann (82) is using 
phase motion pictures to study the fixation process. 
A slide has been designed by Chevremont (83) for 
tissue culture phase microscopy. 

Pomerat (84) has motion pictures of cultures of 
skeletal muscle and nervous tissue. Ruffled membranes 
were seen in cultures of cat nervous tissue along the 
course of the cell processes, and they postulate that 
perhaps in vivo similar activities may obtain and assist 
in the propulsion of interstitial fluid in brain tissue. 
Rhythmie pulsations have been observed by time-lapse 
motion pictures on the oligodendrologie cells from the 
corpus collosom of the rat and cat, as well as the 
human cerebral cortex. Rotation of the nuclei of 
human nasal mucosa is shown by motion pictures of 
the cultures (85). 

Richter (59) has filmed the reactions between leuco- 
cytes and crystalline methylcholanthrene, and Policard 
and Collet (86) report a motion picture showing the 
phagocytic reaction to quartz and carbon particles. 
Besis and Bricka (87) and Blandau et al. (88) use 
phase motion pictures to study blood cells. Pseudopod 
formation in phagocytosis is described briefly by 
Frederic and Robineau (89). Lettré pictures fibro- 
blasts with phase and with Ehrlich-Bondi stain (89a). 

Lumsden and Pomerat (55) report the B-type dark 
contrast preferable to the A-type dark contrast for 
photography of tissue cultures because less detail is 
obseured by halos. Phase pictures of fibroblasts grow- 
ing in an air bubble have been obtained with dark 
coutrast phase by Slabeycius and Fisher (90) with a 
combination of Carrel and Lewis techniques for tis- 
sue culture. The effects of beryllium on the mitotic 
growth of tissue cultures have been examined by 
Chevremont and Firket (91). Applications of phase 
microscopy in tissue culture are summarized by Rich- 
ards (92). The culture chamber of Christiansen et al. 
(93) should be useful in phase microscopy. 


Microorganisms 


Phase microscopy as reported by Linhardt (94) 
shows the gelatinous material in blue-green algae with- 
out reagents. Numerous studies of bacteria with phase 
microscopy have appeared. Techniques for the ex- 
amination of unstained living bacteria are summar- 
ized by Poetschke and Bommer (95). A series by 
Delamanter (96) and his associates (97) suggests a 
mitotie division in bacteria. Their 1952 paper gives a 
review of their work on 7. pallidum and Borrelia 
anserina. The formation of “large bodies” has been 
observed in Proteus vulgaris by Stempen and Hutch- 
inson (98). Many of their pictures were made with 
low bright contrast phase and the stained and fixed 
preparations were examined with the medium dark 
A-type phase objectives. 

Doglioni (99) found that many cells can be identi- 
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fied in sputuin with phase microscopy. Cultures of 
avian tubercle bacilli show long filamentous mycelia, 
branches of which develop into long strands of bacilli. 
All observed types of growth resulted in the ultimate 
formation of acid-fast bacteria (100). Phase micros- 
copy is reported to be about twice as good as bright- 
field for finding tuberculosis bacteria in some 2028 
examinations of sputum, stomach washings, and so 
forth, by Poctschke et al. (101). Unstained tubercu- 
losis bacteria are examined in phase and darkfield by 
Kolbel (102) to avoid the shrinking, coagulation, and 
destruction of the staining procedures, and Tokiwa 
(103) believes he has seen budding from a refractile 
hody formed at one end of the tubercle bacillus. 

Morphologie changes to penicillin in P. vulgaris, FL. 
coli and B. anthraxis haye been observed by Levaditi 
et al. (104) and Eisenstark et al. (105) have used 
phase and electron microscopy in the study of a pleo- 
morphie strain of Azotobacter. Héden (106) used 
phase and a special chamber to mount £. coli with 
the phase microscope. 

Phase microscopy proved helpful to Browning et al. 
(107) for the examination and timing of nuclear 
cytoplasmie and cortical divisions of Tetrahymena, 
and inclusions were studied by him (208) in colonies 
of the organism mounted in immersion oil. 


Cells and Tissues 


Passano (109) used phase for examining teased, 
living cell bodics from the crab Sesarma. The cells, 
from the organ forming the mo!t-inhibiting eye stock 
hormone, resemble steroid systems similar to the Golgi 
apparatus of Baker and Thomas. Good bright contrast 
phase pictures of mitochondria in the flight muscles 
of insects have been published by Watanabe and Wil- 
liams (110). The association of mitochondria and the 
Golgi net is diseussed by Taylor and Adamstone 
(111). After comparing phase with hematoxylin-eosin 
stained sections, Kludas and Maibauer (112) conclude 
that in many eases, but not all, phase reveals more 
structural detail, but they advise further comparison. 

The refractive index of living cells has been obtained 
by Barer and Ross (113) and Crossmon (114) by im- 
mersing them in known solutions, for example bovine 
plasma albumen, and matching under the phase mi- 
croscope. By combining this technique with the use 
of interference microscope, they claim that the total 
dry weight, the concentration of solids and water, and 
the cell thickness and volume ean be determined. Meth- 
ods for studying the third dimension of cells and tis- 
sues including the use of phase and interference mi- 
croscopy have been summarized by Richards (115). 
Interference is useful also for the study of thickness, 
surface effects, and phase for making stereophoto- 
micrographs. Changing contrast by varying the re- 
fractive index of the mounting fluid has been rediscov- 
ered by Hirsch (116). Refractive index data for some 
mounting mediums are given by Lillie (116a). 

Further work on the effects of killing and fixing 
fluids has been reported. Rather and Brice (117) ree- 
ommend Goucher cells from impression preparations 
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of spleen for this work aud report comparison with 
phase on unstained, and after hematoxylin and eosin 
staining. The effects of formaldehyde fixation have 
been analyzed by Crawford and Barer (118). Hasel- 
mann (82) has studied structural changes, using a cir- 
culation cell for tissnes, and measuring area changes 
with a planimeter to assess shrinkage. 

Poliecard et al. (119) have examined a number of 
fixing fluids, and conelude that osmie acid is the best 
because it causes no distortion other than slight shrink- 
age of the nucleolus with polymorphonuclear and 
thrombocytie cells. Other fixiig fluids gave a mediocre 
result on nuclear sap, coagulating it in large masses, 
except bichloride of mercury and potassium bichro- 
mate which produced a fine retiealum. With these com- 
pounds the cytoplasm appeared well enough fixed. 
Almost all the fixatives thickened the cell membrane. 
Freeze-drying is useful but needs improving. 

The phase microscope is being used to study the 
effects of various physiological agents. For instance, 
phase photographs have been made of cells of rabbit 
ovarian granulosa cultivated after having been cooled 
to a very low temperature (120). Phase microscopy 
has been applied to the Sabin-Feldman reaction by 
Lelong and Desmets (121), and to the Gomori reae- 
tion by Hancox and Nicholas (122). Zollinger (122a) 
discusses intravital phase microseopy. 

The effects of a microbeam of protons on dividing 
cells are photographed in motion pictures by Bloom 
and Zirkle (123). Pomerat (84) describes a chamber 
for continuous perfusion of cells for environmental 
studies. 

Giant chromosomes swollen in 0.14M sodium chlo- 
ride have been examined by Ambrose and Gapal- 
Ayengar (124) with phase microscopy and by bire- 
fringence with a microscope arranged as a flicker di- 
chroseope. An orientation of large molecules within 
the chromosome is indicated. Dennes (125) disrupted 
chromosome fragménts from chicken erythrocytes with 
a Waring Blendor for comparative pictures with 
phase and electron microscopes. 

Tahmisian and Adamson (126) saw the chromatin 
in the resting grasshopper hucleus mounted in Belar’s 
solution with dark medium phase. Pyenosis from x-ray 
effects appeared as a diminution of the viscosity in 
the nucleus. The effects can be delayed by placing the 
grasshopper embryos in cold storage, but when they 
are brought back to 25°C, pyenosis occurs. Roto-oscil- 
lating motions of the chromosomes were found in 
grasshopper eggs (76, 127). 

New informetion on the surfaces of the bile-con- 
ducting cells in mammals is reported by Ralph (128). 
Thin 1-u sections were used without stain, and contrast 
was varied by changing the refractive index of the 
mounting mediums. Evidence of-spiral internal surface 
seulpturing was seen in the walls of the bile capil- 
laries, and filaméntohs structures were seen on the 
interlobular bile ducts, hepatic cells, gall bladders, eys- 
tie ducts, and common bile ducts. Size and number 
varied in different species. Liver cells show nuclear 
walls with B-type contrast, Golgi apparatus with low 
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A-type contrast and mitochondria with medium A-type 
contrast using a Tiyoda Phase Microscope (23, 129). 

Morris (130) reports that the phase microscope is 
satisfactory for the examination and evaluation of 
bull semen without fixing and staining, and Fossel 
(131) recommends the phase microscope for evalua- 
tion of spermatozoa. By varying the refractive index 
of the mounting medium, Blandau (132) saw more 
detail in rat spermatozoa taken from the epididymis 
than'with previous methods. The perforatorium divides 
into two prongs which fit neatly along the rostral-ven- 
tral part of the elongated nucleus, and the axial fila- 
ment was observed to be composed of 7 to 9 continu- 
ous fibrils that extend throughout the middle piece and 
tail. The fate of these parts in fertilization is being 
investigated. 

The detailed description of the rat’s spermatid is 
given by Austin and Sapsford (133) from prepara- 
tions obtained by wiping a slide onto a cut surface of 
testis or from a bit of the macerated tissue. Van 
Duijn (134) has published a detailed description of 
the human spermatozoon from study with special dif- 
ferential stains, darkfield, phase, and fluorescence mi- 
croscopy. Pictures of spermatogenesis in the grass- 
hopper are published by Cleveland and Winchester 
(135), and by Winchester (136). 

A slide with an aluminum spacer has been described 
by Smith (137) for culturing rabbit eggs for exami- 
nation with the phase microscope. The phase and ultra- 
violet microscope were used by Austin (138) to deter- 
mine the location of nucleic acids within the nuclei of 
living segmented rat eggs. Time relations and form 
changes of fertilization and first segmentation division 
in rat ova have been described by Odor and Blandel 
(139). 

Incinerated blood cells examined by Kruezynski 
(140) revealed less potassium and iron in senile cells 
than in cells from younger individuals, although 
analyses showed considerable variation. Cellular and 
nuclear membranes leave mineral deposits composed 
of calcium and perhaps phosphorus. 

Considerable interest has been shown in the count- 
ing of platelets by phase microscopy. Cazal and Izarn 
(141) recommend phase for counting of both plate- 
lets and reticulocytes. Brecher et al. (142) find that 
“Phase is the easy and certain recognition of indi- 
vidual platelets, and it is believed that this accounts 
for a satisfactory reproducibility even by inexperi- 
enced technicians.” They use a diluting fluid without 
cocaine, and their work has been summarized (143). 
Zuckor (144) has used the phase microscope to study 
and classify platelets which vary in shape from smooth 
disks to others with spiny projections. 

Weis-Fogh (145) has described a flicker phenome- 
non, or change of optical density, in erythrocytes 
which was thought to be a possible test for activity. 
A further study by Parpart et al. (146) showed that 
it could be seen with a change of mediums and in 


-hemolyzed cells, and concluded it is not related to 


metabolism but to the Brownian movement of the cell. 
Tompkins (747) reports that the internal movements 
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of the erythrocytes are lost in saline washed cells, but 
return when the cells are returned to the serum. 

The movement of leucocytes is being investigated by 
Neuman and Kreis (148) and phase is recommended 
by Crossmon (149) for counting white blood cells. 
Phase microscopy is used by Shelton et al. (150) for 
counting mitochondria, and they include formulas for 
estimating errors. The storage of hemoglobin in kid- 
ney cells after intraperitoneal injections of hemolyzed 
blood has been examined with phase by Zingg and 
Zollinger (151). 

Bright contrast phase shows hyaline membranes 
and amyloid deposits at the capillary wall and the 
intereapillary space of kidney glomeruli (152). The 
structure of skin and the detail of the sweat glands is 
described by Takagi (157) who used phase micros- 
copy and fresh material. The lumen of the duct was 
found to be lined with epithelial cells throughout its 
length. 

The transparent tissues of the eye can be examined 
to advantage with phase. Francois and Rabaey (154) 
find that epithelial cells of cataractous human lenses 
appear differently from those of normal lenses in 
vacuolation and pigment changes. No inclusion bodies 
were seen, although the normal structure was clearly 
seen in the cellular elements of the conjunctiva and 
corneal epithelium in epidemic keratoconjunctivitis 
(154a). The endothelium of the cornea is composed 
of large cells with 2 nuclei each and a granular cyto- 
plasm. The structure of the cornea after the epi- 
thelium was removed is illustrated by a replica. Yama- 
moto (155) saw a membrane in unstained rabbit cor- 
nea resembling Boman’s membrane. Boke has studied 
the lens epithelium (156). 

Asayama and Nakashima (757) show stellate cells 
in the normal eapsule and in cataract they found peri- 
nuclear vessicles, 

The vitreous body shows definite fiber structure 
under the phase microscope. Bembridge (158), Swartz 
and Schuchardt (159), Grignolo (160) and Richards 
(161) have published pictures showing structure. 
Swartz and Schuchardt used phase and darkfield and 
an immersion ultramicroscope in their study. Grignolo 
shows that the fibers split into progressively smaller 
elements which anastomose to form a fairly extensive 
network posterior to the equator. In man, this is con- 
nected anteriorly with fibrous bundles that are firmly 
attached to the vitreous base. The vitreous is limited 
by a homogeneous membranelike transparent layer. 
Rossi fails to find fibers in very fresh rabbit vitreous 
and believes the fibers are formed postmortem (162). 

An examination of a sympathetic ganglion with 
Sudan black and with phase led Gatenby and Moussa 
(163) to conclude that Baker and Owen were wrong 
with regard to the Golgi apparatus. Cole (164) has 
some pictures and comments on the study of rabbit 
muscle cells. In the mouse the Golgi apparatus is char- 
acteristically wrapped around the nucleus, but as the 
mouse ages, it breaks away from the nucleus. Green 
(165) found a copious innervation in the adenohypo- 
physis of man and the rabbit using a controlled phase 
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and impregnation technique. Hépker (166) believes 
the “inner body” to be a physical product of the 
nucleolus. He used phase microscopy and a series of 
mammalian brains. Globules and filaments are found 
in brain tissue from mentally sick people and Papez 
(167) reports a life cycle for these “organisms.” 

Owen’s lines of dentine and Retzius streaks in the 
enamel of the tooth have been observed with the phase 
microscope in 80- to 300-u sections of tooth by Boding- 
bauer (168), and Gustafson (169) has made a detailed 
study of the structure of human dental enamel by 
means of incident light, polarized light, phase micros- 
copy and micro-hardness tests. The epithelium around 
the teeth of vitamin-A deficient rats shows aplasia of 
the basement membrane, degeneration of the tono- 
fibrils and parakeratosis of the surface layer accord- 
ing to Baum and Frandsen (170). A study of replicas 
from tooth surfaces by phase microscopy led Frank 
(171) to conclude that the initial step in caries is pro- 
teolysis. A fine cell structure in the organ of Corti is 
described by Katsuki and Covell (172). 


Medical 


The use of the phase microscope is gaining in the 
-medical profession. Hansen et al. (22) and Matilla 
et al. (173) summarize the main applications as fol- 
lows: (i) clinical analysis of urine.sediments, vaginal 
exudates, feces, semen, sputum, cerebrospinal fluid, 
blood cells, and red, white, reticulocyte and platelet 
cell counts; (ii) protozoology for cysts and active ani- 
mals; (iii) bacteriology for unstained, living organ- 
isms, agglutination, virus and inclusion bodies; (iv) 
helminthology, identification of eggs and diagnostic 
details of adults; (v) biopsy specimens, especially 
bone marrow and spleen; (vi) identification of fungi 
and fungus infections; (vii) normal and pathological 
histology, tumor diagnosis, phagocytosis, transplanta- 
tion and regeneration; and (viii) measurement of un- 
stained, living microorganisms. 

Discombe (174) states that the diagnosis of leukemia 
can sometimes be made more rapidly with the phase 
microscope. Mizuhira (175, 176) discusses the advan- 
tages of phase for the examination of connective tis- 
sue and the arrangement of the fibers within it. Merk- 
len and Cottenot (177) recommend phase microscopy 
for venereal dermatology. Other articles in this field 
are by Bommer (178), Brodskii (179), Fritze and 
Streufe (180), Kostie (181), Mannigault (182), and 
Pulvertaft (783), Lash and Antonow discuss cervical 
and endometrial carcinoma (184). 

Phase motion pictures of a chemically induced rat 
tumor tissue show living leucocytes within the tumor 
cells (185). Seyfarth (186) suggests that the small 
granules in tumor cells are endospores, from which 
microorganisms develop. Ludford and Smiles (187) 
report on a malignant cell polymorphism. The phase 
microscope shows a canalicular system which enlarges 
in the giant cells to fill all but a small ectoplasm. The 
cytoplasm changes during mitosis with disorganiza- 
tion of the canalicular system, but remnants persist as 
vacuoles, 
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Martinez (188) concludes from a study of eight 
gliomas with H and EK, and with silver staining and 
with phase that the phase microscope gives the same 
diagnosis more quickly and more easily than the elassi- 
cal methods. Staining methods also were reported eum- 
bersome, damaging to tissue and time consuming, as 
compared with phase microscopy by Siering (189). 
Tumor cytology is the subject of a paper by Adehold 
and Siering (190) and ascites tumors are examined by 
Makino and Nakahara (191). Tumor diagnosis can be 
made from renal cells in the urine when biopsy is im- 
practical (192). 

Policard and Collet (86) call attention to the advan- 
tages of phase motion pictures for the study of pha- 
gocytosis with respect to pneumoconiosis. 


Industrial 


Phase microscopy has been reported by Camus et al. 
(193) as useful for the examination and evaluation of 
ghosts in gratings. Graininess in photographie emul- 
sions has been examined by Falla (194) ; particle sizes 
of 0.1 to 0.4 were estimated with the phase micro- 
scope from the color of the photographie emulsion. 
A paper in Japanese by Tajima, Yamaguchi, and 
Hosoya (195) includes pictures of a number of photo- 
graphic emulsions. 

Seidenberg and Benford (196) describe the addi- 
tion of a phase system to the Bausch & Lomb Metallo- 
graph and the advantage it gives in showing more de- 
tail, particularly of pearlite, stainless steel and Monel. 
The Reichert metallographic phase microscope is de- 
seribed by Gabler (25). Greater useful contrast occurs 
with particles in steel, chaleopyrite, coal, ores and re- 
fractories when examined with phase vertical illumi- 
nation (197). Perryman and Vernon-Smith (198) are 
investigating the correlation of observations of metal 
surfaces with light and electron microscopes. Kehl 
(199) reports that phase microscopy is helpful in re- 
vealing prices and boundaries on metal surfaces. 

The darkfield produced with a too large annulus 
image of the phase microscope is used by Yamaguchi 
(200) to examine the sharpness of razor blades. Cross- 
mon (71) finds that phase microscopy is useful for 
the identification and counting of dust particles. 

A brief summary of the possibilities of phase mi- 
croscopy in the brewing industry was published by 
Richards (201). 

Horst (202) diseusses the study of coal. Replicas 
were made with glycerine jelly, and photomicrographs 
show algae, pollens, Sclerotium, and megaspores and 
microspores of Triletes. The article discusses the ap- 
plication of phase to the study of coal bogs. 

The surface membrane was removed from wool fiber 
by Mariner (203) and studied with phase and polari- 
zation microscopy. With phase they could see a dif- 
ferentiation of intensities representing 300 to 400 A. 
In a summary of the proceedings of the conference 
on optical and electron microscopical properties of 
textile fibers, Drummond (204) discusses the use of 
different kinds of microscopes indicating that polar- 
ized phase is useful with viscose cross sections. 
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IOCHEMICAL, biophysical, and other users of 
conventional types of manometers have often 
wished to measure volumes of gas changes 
with a sensitivity far greater than the com- 

monly obtained order of a cubic millimeter, without 
having to resort to extensive changes in apparatus, to 
microscope cathetometers, or to esoteric instrumenta- 
tion. Small sensitivity gains up to onefold or so have 
indeed been attained with conventional manometers by 
the use of tilted manometer arms, confining fluids of 
low-weight density (for example, hydrocarbons or oils 
of D~0.7 g/em*), small experimental vessels, or, 
what comes to the same, vessels filled with relatively 
large volumes of liquid. 

This paper shows how, with or without the afore- 
mentioned minor devices, additional sensitivity gains 
of 10- to 100-fold may readily be achieved with little 
or no change in widely available commercial manome- 
ters by appropriate use of hydraulic-leverage prin- 
ciples (amplification by fluid geometry rearrange- 
ment) combined with unusual moving-boundary in- 
dices. The procédures to be described are remarkably 
simple in both theory and practice and may be ap- 
plied to both constant-(fixed) volume manometry and 
free manometry (volume and pressure variable), in- 
cluding volumetry. The open-arm, fixed-volume ma- 
nometer made classic and universal by Otto Warburg 
(1-5) is chosen to provide a basis for illustrating the 
application of the hydraulic-leverage principles in- 
volved and to provide an arbitrary standard of refer- 
ence by which to judge the sensitivity magnification 
obtained. Applications to a wide range of manometer 
types will be readily evident, including differential 
and compensation manometers and Cartesian diver 
techniques (6-8). Finally, several new types of hy- 
draulic manometers are described, including a general- 
purpose manometer and a one-arm free manometer of 
unique advantages in which paradoxically an increase 
in the amount of confined gas results in a decrease in 
pressure of the gas (sic/). 

In the Warburg manometer (Fig. 1) a change in 
amount, « (mm*) N.T.P., of a given gas in the re- 
action vessel is equal to hk, where h (mm) is the re- 
sulting, experimentally observed, vertical displacement 
of the meniscus of the fluid in the manometer arm 
open to the atmosphere when the meniseus of the con- 
fining fluid in the closed arm is maintained at a fixed 
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level (by means of the adjustable screw and fluid-filled 
sac at the base of the manometer), and k (mm?) is the 
standard vessel constant parameter [(vg-273/T) + 
vp%]/P,, vg (mm*) being the volume of gas space in 
the vessel to the level of the confining fluid in the 
closed arm, vy the volume of liquid in the vessel itself, 
a the Bunsen absorption coefficient of the given gas 
in the liquid in the vessel, 7 the average absolute tem- 
perature of the confined gas, and P, the pressure of 
1 atm expressed in millimeters of confining fluid (for 
example, 10,000 mm Brodie’s fluid of weight density 
D =1.034 g/em*, equivalent to 760 mm-Hg of weight 
density D =13.60 g/em*). 

In the standard arrangement for operating the 
Warburg manometer, h (mm) of confining fluid is a 
measure of the change in pressure Ap induced by a 
change of « (mm*) gas kept at constant volume and 
other conditions implied in the formula just given 
for k. In the hydraulie-leverage arrangement described 
here, for given values of x and k, h is further mag- 
nified to a larger value H, with a corresponding and 
reciprocally decreased smaller value of K, such that 
ax=hk=HK. The theoretical sensitivity magnification 
may then be defined as M=H/h=k/K, so that H=hM 
and K=k/M. M thus defined is, for constant-volume 
manometry, independent of the attributes and events 
of the manometer vessel (vg, vp, 4, T, P,, ) and de- 
pends in principle only upon the leverage events and 
arrangements in the manometer measuring arms (9). 
In this last connection it is important to observe that 
the upper end of the open manometer arm of virtually 
all present-day commercial Warburg manometers con- 
sists of, or may be readily made to hold, a wide and 
even-bore reservoir 30 to 40 mm long, whose area A 
(30 to 50 mm?) is some 10 to 100 times the area a 
(0.5 to 3 mm?) of the narrow, even-bore capillary with 
which it is contiguous below (corresponding ratio of 
radii, R/r = 3 to 10). 

Sensitivity magnification with constant-volume ma- 
nometry. To set up the desired hydraulic-leverage ar- 
rangement, two operations, each requiring a few sec- 
onds, must be carried out: (i) the upper level of the 
manometer fluid in the open arm is raised from its 
normal position in the capillary into the even-bore 
section of the reservoir and maintained there through- 
out the experiment; and (ii) a bubble of room air 
(or bubble of any suitable and convenient gas or im- 
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miscible liquid) of length slightly greater than the 
diameter of the arm capillary, is inserted into the 
fluid in this capillary by means of a long and narrow 
needle attached to a syringe or medicine dropper bulb 
(Fig. 2). Short of gross mishandling, the statie posi- 
tion of the bubble in the capillary fluid is indefinitely 
stable in accordance with the IXth Hydrostatical 
Paradox of Robert Boyle. Such a bubble moves freely 
and reversibly in response to changes in Ap or to turn- 
ing of the adjustable serew pressing on the sac at the 
base of the manometer. The movement of the bubble 
is an accurate measure of both the volume and dis- 
tance displacements of the confining fluid in the 
capillary. 

Any change in height h (=Ap) of the air-fluid in- 
terface meniscus in the reservoir taking place as a 
result of change « of gas in the experimental vessel 
held at constant volume and temperature will be mag- 
nified A/a times in the movement H of the bubble- 
fluid interface in the capillary below, for the volumes 
of fluid displaced in the capillary and in the reser- 
voir must obviously be identical. Hence M= A/a; 
h(=Ap)=Ha/A; H=ApA/a=hA/a=hM; and K = 
ka/A=k/M. 

To caleulate « by the proposed reservoir-bubble 
leverage arrangement, one merely multiplies the ob- 
‘served displacement H by K, that is, 2(=hk) = Hka/A 
= HK. Although a and A may be determined sepa- 
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Fig. 1. Typical Warburg manometer and illustrative 
vessel, arranged for operation at constant volume of gas 
space; (mm*) N.T.P. gas change = hk, where k= (v,- 
273/T + vra)/P.. 


22 OcTopER 1954 


rately by mereury calibration in the usual manner, 
only the ratio a/A need actually be known for the 
purpose indicated. The ratio a/A may be ascertained 
most directly, and in the course of only a few seconds, 
by measuring the ratio of height change in the bubble 
level in the capillary compared with that of the air- 
fluid level in the reservoir when both levels are altered 
simultaneously by turning the adjustable screw, pre- 
ferably over as wide a range as possible, or by par- 
ticular parts if need be. Such a determination of a/A 
can obviously be earried out completely independently 
of any attributes of, or events occurring in, the other 
manometer arm or the reaction vessel—even during an 
experiment if need be—and indeed may be determined 
in the complete absence of the other arm and vessel if 
one employs the original Bareroft-Haldane form of 
Warburg manometer constructed with separable arms 
(Fig. 3) (10-12). 

The increased sensitivity of the reservoir-bubble 
leverage arrangement calls for adequate thermobaro- 
metric control in order to achieve full theoretical sen- 
sitivity magnification in practice, with minimization 
of “noise.” Especially with extreme values of magni- 
fication M it may be desirable, just as in conventional 
manometry, to connect the open ends of the manome- 
ter arms of the thermobarometer and all experimental 
vessels via a manifold with pressure tubing or plastic 
connections to a single 1- or 2-lit flask filled with 
water-vapor saturated air and immersed in the ther- 
mostat bath in order to eliminate sudden large or 
variable atmospheric pressure changes that may occur 
in some laboratories. In any event the thermobarome- 
ter H correction must, at least where large, first be 
multiplied by its relative a/A value with respect to 
the a/A value of each experimental vessel, for H val- 
ues obtained by the reservoir-bubble arrangement are 
not equal to, but only proportional to, h and Ap val- 
ues, the proportionality constant being A/a. For this 
reason, when manometers on hand are significantly 
variable with respect to their a/A values, it is desir- 
able to choose for a thermobarometer a manometer 
whose a/A value is mean or modal. 

Although there is no theoretical limit to M short of 
infinity, the chief practical limitation is set by the 
closeness with which the meniseus of the inner-arm 
confining fluid can be brought each time to the same 
constant-volume level. For conventional level setting 
by hand and eye (with or without hand lens), the 
effective limit of M is reached at values of ~ 15 to 
30, depending upon the manometric fluid employed, 
cleanliness of the arm’s inner glass wall, setting speed 
required, replication of settings permissible, and so 
forth. To obtain practicable M values above this limit, 
it is necessary to set the closed-arm confining-fluid 
level with the aid of optical, electric, or other devices. 
One such device is the adjustable screw at the base 
of the manometer, which can be used as an approxi- 
mating vernier; the angular turn of the screw may 
be calibrated, with a suitable scale, against the fluid 
movement in the outer arm, and then be employed to 
compensate for the latter movement, by a series of 
approximations if necessary. 
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It may well be that W values somewhat less than those 
provided by the a/4 values of manometers on hand will 
be desired, especially where a is very small (r= 0.4 to 0.2 
mm for R =3 to 5 mm). Such intermediate magnification, 
or in effect “demagnification,” can be attained and regu- 
lated at will by the use of glass rods of known cross 
section appropriately suspended into the fluid in the open- 
arm reservoirs, with consequent decrease in effective A 
values and, hence, a/A values. Capillarity considerations 
here, as throughout this paper, offer no problem, since 
only changes in ecapillarity dependent on z would be in- 
volved and these are, or should be, zero. 

Sensitivity magnification and demagnification can also 
be regulated conveniently by appropriate use of a second 
manometer fluid of density d, smaller than the density 
D of the main manometer fluid. The lighter fluid, immis- 
cible with the denser and preferably nonvolatile, non- 
toxic, and odorless, is floated on top of the denser fluid 
in the capillary of the open arm up into the evén-bore 
section of the reservoir. The change in height H’ 
of the boundary between the two fluids is now observed 
instead of H of the bubble employed before. In this two- 
fluid method, Ap, for given values of xz and k, is no longer 
equal to the change in height of the fluid in the reservoir 
but is given by Ap=H’D-—H’'d+H'(a/A)d=H'|D-d 
(1-a/A)]. From this, and the fact that correspondingly 
in the one-fluid method Ap=hD, it ean readily be shown 
that for 
and M=k/K’=D/(D-d(1-a/A)}. 

Thus M increases, not only as a/A decreases, but also 
as (D-d) decreases. In the limit of d= D, K’=K=ka/A, 
as with the bubble method before, so that, whether one 
employs the bubble method with one fluid or the boundary 
method with two different fluids of equal density, the 
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Fig. 2. Warburg manometer arms with reservoir-bubble 
arrangement for hydraulic magnification of sensitivity at 
constant volume of gas spacet 2 N.T.P. gas change = hk = 
Hk: a/A=HK, where K = ka/A, and the sensitivity mag- 
nification M = H/h= A/a=k/K. 


theoretical result of complete dominance of sensitivity 
magnification by a/A remains the same. In the limit of 
d=0, M=1, which must be true since there is then no 
liquid in the reservoir. In the limit of a= A, M=1 also, 
and there is likewise no sensitivity magnification, because 
the diameters of the capillary and the reservoir are the 
same, and a difference between a and A is a sine qua non 
for sensitivity magnification of M > 1, regardless of any 
relationship D/d. 

Finally, in the limit of a/A approaching zero (attained 
by either decreasing a or increasing A indefinitely), M 
approaches D/(D-d). This is important because it in- 
dieates that with even reasonably small values of a/A 
(0.05, 0.02, 0.01), sensitivity magnification can also be 
regulated in a quite practical way, over a very wide range, 
virtually by density difference alone. Thus, if d=0.99D 
(which is easy to arrange, experience shows), then M = 
100; if d=0.9D (as with Brodie solution-isoeaproie acid 
combination), then M = 10; and if d=0.66D (as with 
Brodie solution-hydroecarbon combination), then M = 3, 
the exact M values being determinable in any event by 


the empirical method indicated earlier for the bubble 
method. 


Sensitivity in conventional free manometry (equal 
capillary areas, no reservoir bubble). In conventional 
free manometry with the Warburg-type manometer, 
the confining fluid in the closed arm is not maintained 
at a constant level but is allowed to move freely 
against constant external pressure, atmospheric or 
otherwise. The volumes of manometric fluid displaced 
in the eapillary sections of the open and the closed 
arms are exactly equal. The respective distances of 
fluid displacement are also equal if the areas a and a* 
of the open- and closed-arm capillaries are also equal, 
as they usually are, to a close approximation (other- 
wise the respective heights would obviously be in in- 
verse ratio as the areas). The adjustable screw below 
the capillaries is left untouched throughout the experi- 
ment, often in its most extended position, where it 
then exerts no pressure on the sac containing the re- 
serve supply of confining fluid. 

A change of x (mm*) N.T.P. gas in the vessel 
causes not only a change of gas pressure Ap* but also 
a change of volume of confined gas space ah*, where 
h* (mm) is the displacement of confining fluid in 
either of the equal-arm capillaries. Owing to the gas- 
space volume change in free manometry, Ap* is never 
as great as, and often much less than, Ap in constant- 
volume manometry, for given values of « and k. When 
the fluid movement is confined, conventionally, to the 
(equal) capillary sections of the manometer arms, 
Ap* =2h*. The corresponding conventional free ma- 
nometry “vessel constant,” k*, may readily be shown 
[following partly Warburg (1, pp. 9-12) and Dixon 
(3, pp. 26-32) but necessarily deviating therefrom 
when Ap* of free rather than AP of differential com- 
pensation manometry is involved (13) ] to be k* = 2/h* 
= 2k + (a-273/T’)[(P+2h*) /P,], where is the ab- 
solute (room) temperature and P the initial pressure 
of dry gas confined in the closed-arm capillary just 
above the manometric fluid level; P is as a rule so 
nearly equal to P, and the term 2h* so small compared 
with P and P, that the expression in brackets may 
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be neglected with usually much less than 1-percent 
change in the caleulated value of k*, so that the vessel 
constant normally employed reduces to simply k* = 2k 
+ (a- 273/T’). 

Since k* thus always exceeds 2k (by the quantity 
273/T’) and hk =h*k*, 2h* is thus always less than 
h, and Ap = 2h* is always less than Ap=h. This means 
that in conventional free manometry (that is, without 
adjuvant use of the reservoir-bubble arrangement) 
there is usually a considerable loss or demagnification 
of sensitivity as compared with constant-volume ma- 
nometry carried out under otherwise identical eondi- 
tions, the more so when a is made large compared 
with k; a and k are commonly of the order of 1 mm? 
each, so that frequently k* = 3k and therefore h* /h 
= 1, and then if one reads one manometer arm capil- 
lary only, the sensitivity in conventional free manome- 
try, as judged by the observed fluid displacement per 
change in amount of gas, h/.x, will be ~ 1 as great as 
in conventional constant-volume manometry, for given 
values of x and k, and if one reads both arms, 2/3 as 
great. Frequently employed values of a and k differ- 
ent from 1 mm? could obviously readily make the 
respective values ¥g and 2/3 either much smaller or 
somewhat greater but obviously never greater than 4% 

and 1 as respective maximum limits. To obtain these 
’ limits of maximum sensitivity, a must be made very 
small compared with k, so that k* e 2k, and Ap* = Ap, 
and therefore 2h* =h. Since values of a as small as 
0.05 mm? (capillary diameter ~ 0.25 mm) are feasible 
of construction and workable in laboratory practice, 
k* can thus be made to equal 2k within a few percent, 
and similarly 2h* = h. 

The usually considerable decrease in sensitivity in 
conventional free manometry, which has always been 
qualitatively evident to the bench experimentalist even 
without the algebraie working out of the simple vessel 
constant k* given in the preceding paragraphs, is the 


Fig. 3. The historie (1902) Barcroft-Haldane manometer 
and vessel type (10). 
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chief reason why free manometry has so seldom been 
employed and indeed rarely been taken cognizance of 
without unnecessarily complicated formulation (14, 
15). Nevertheless, free manometry possesses several 
very definite advantages not possessed by constant- 
volume manometry that would be highly desirable to 
retain if possible. Frequent resetting of the closed-arm 
fluid to constant level—with attendant error, uncer- 
tainty, inconvenience, and time requirement—is no 
longer required in free manometry, and a given ex- 
perimental observation requires a single reading taken 
on one arm only. Free manometry thus lends itself 
much better to automatic and continuous recording 
[long a desired but seldom attained object in constant- 
volume manometry (16)] and also to following time 
courses of rapid reactions (17, 18) without the dis- 
turbance of leveling adjustments. It is worth while, 
therefore, to examine whether simple hydraulic-lever- 
age arrangements may be devised for free manometry 
that will overcome the disadvantage of usual lowered 
sensitivity and yet retain the other marked advantages. 

Free manometry with equal capillaries and open- 
arm reservoir. If to conventional free manometry with 
equal capillaries is added the open-arm reservoir-bub- 
ble arrangement described earlier in connection with 
constant-volume manometry, then the fluid-volume dis- 
placements are equal not only in the capillary sections 
of each arm but also in the reservoir, whereas the fluid- 
distance displacements will vary inversely with the 
area a of the capillaries and the area A of the reser- 
voir. For given values of a, x, and k the fluid-distance 
displacements in the capillary sections will be greater 
than those obtained in conventional free manometry 
without the employment of the reservoir, by, as shown 
here, a maximum limit of twofold, and therefore like- 
wise (as indicated in the preceding section) twofold 
the sensitivity obtained in conventional constant-vol- 
ume manometry. The mathematical formulation with 
the open-arm reservoir arrangement is similar to that 
given in the preceding section for the case without the 
reservoir, with substitution of H*, K*, and A for h’*, 
k*, and a (H", like h*, referring to the equal fluid-dis- 
tance displacements obtained in either the closed- or 
the open-arm capillary, being observed in the latter 
instance by means of the bubble movement). The 
pressure change AP* no longer equals 2h* but now 
equals H’(1+a/A), whenee K* =2/H* =k(1+a/A) 
+ (a- 2738/7’) P+ H* (1+a/A)]/P,} &k (1+a/A) 
+ a-273/T’. When a/A is very small, K* & k + @-273/ 
7’, and, when a itself is very small compared with k, 
then K* = k. This means that in free manometry with 
adjuvant use of the open-arm reservoir-bubble system 
the sensitivity, as judged by total fluid displacement 
per z change in amount of gas, can be made to ap- 
proach as a maximum limit twice that obtained in con- 
stant-volume manometry (K* =k, K*H* =kh, 2H*= 
2h), if one reads both arms (bubble displacement in 
the open arm and gas-fluid interface displacement in 
the closed arm), just as one reads two arms in con- 
stant volurne manometry. On the other hand, reading 
the closed arm only, the sensitivity of free manometry 
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with the reservoir approaches as a maximum limit 
the sensitivity of the constant-volume manometer 
(H* = h). Experience shows that both of these mano- 
metric procedures (use of open-arm reservoir, with 
or without bubble) represent very practical types of 
free manometry that can satisfactorily replace conven- 
tional constant-volume manometry without any con- 
structional change in widely available manometers, 
without disadvantage with respect to order of sensi- 
tivity (in fact with some real gain if the open-arm 
bubble is also observed), and with retention of the 
afore-mentioned advantages of free manometry over 
constant-volume manometry ! 

The open-arm reservoir-bubble procedure with equal 
capillary free manometry still fails, however, to pro- 
duce the great gains in sensitivity magnification M 
that have been shown to be possible when applied to 
constant-volume manometry. To accomplish this, sev- 
eral hydraulic-leverage arrangements are proposed, all 
of which require small modifications in the standard 
Warburg manometer. The modifications may, as one 
chooses, be temporary or permanent, and laboratory- 
or commercially-made. The sensitivity magnification 
obtained will be intermediate (up to one order) or 
high (beyond one order) depending upon whether, re- 
spectively, different-sized capillaries or two reservoirs 
are employed. The last-named device is considered first 
since equal capillaries are still involved. 

High-sensitivity magnification in free manometry 
with equal capillaries and two (equal) reservoirs. The 
general condition of Boyle, PV =a constant, must be 
satisfied for any given value of x at constant tem- 
perature. To obtain maximum sensitivity magnifica- 
tion in constant-volume manometry, one must maxi- 
mize AP by minimizing the change in gas volume so 
that AV ~ 0. To obtain maximum sensitivity magnifi- 
cation in free manometry, it is conversely necessary 
to maximize the volume change by minimizing the 
pressure change so far as possible. This can be most 
effectively accomplished by constructing, as in the 
Braun-Fritzsching duplex manometer (19), a second 
reservoir at the top of the closed arm of area and 
height the same as that of the reservoir at the top of 
the open arm. The greatly increased area A of the 
added closed-arm reservoir, compared to the area a of 
the capillary contiguous below, will then operate in 
such a manner that a given change in amount of gas 
a will induce equal displacement of volumes of mano- 
metric fluid in the reservoirs and in the capillaries of 
both arms; but the total pressure change indicated by 
the algebraic sum of the fluid-distance displacements 
in the two reservoirs will be very small, even though 
not reducible to zero. At the same time the fluid-dis- 
tance displacements in the capillaries, which may be 
readily followed and measured in either or both capil- 
laries by means of inserted air bubbles, will be rela- 
tively large but will involve of themselves no net 
change in pressure since the heights and amounts of 
fluid in the capillaries will remain unchanged, even 
though the bubbles are moved. The fluid-distance dis- 
placements in the capillaries and in the reservoirs will 


644 


vary inversely with their respective areas a and A, for 
given values of x and k. 

To obtain greatest minimization of pressure change 
clearly requires the employment of both reservoirs, 
since if use is made of only one, a considerable and 
undesirable change in total height of fluid will occur 
in the other arm and, hence, a considerable change in 
pressure of the confined gas per change in 2. Reser- 
voirs in free manometry may be regarded as devices 
to reduce or minimize the positive magnitude of AP /z 
and, for maximum effect, must obviously be present 
and active on not just one but both arms. In constant- 
volume manometry the use of a closed-arm reservoir 
is superfluous and cannot provide any gain in sensi- 
tivity magnification M, since upon continued resetting 
of the bubble to a constant mark no pertinent change 
in the closed arm is ever developed (19). 

The change in gas pressure AP** induced by a 
change «x, with the two-reservoir arrangement, may 
be measured and expressed in terms of the two 
observed equal-capillary fluid-distance displacements 
H** and the two different areas a and A involved: 
AP** = H**a/A+H**a/A=2H**a/A. Then, similarly 
as before, K**=2/H** =2ka/A + (a*273/T’)[(P+ 
2H**a/A)/P,] = (2ka/A) + (a* 273/T’), and if a/A 
is made very small then K** = a* 273/T’, and when a 
itself is made very small, K** approaches zero and 
the theoretical sensitivity magnification, M=k/K** = 
H** /h, approaches infinity! In practice, however, ca- 
pillaries of diameter less than 0.25 mm, corresponding 
to area values of a less than 0.05 mm?, are too difficult 
or (in accordance with Bernoulli’s theorem) too slow 
to work with (20, 21), so that sensitivity magnifica- 
tion values reach a practical limit in equal-reservoir, 
equal-capillary free manometry of M =k/(0.05) = 20 
per each manometer arm (40 per both together), for 
normal & values of the order of unity, and greater or 
less than 20 (or 40) when & is greater or less than 
unity—that is, greater when vg/vp is increased and 
less when a, P,, and 7 are increased. In any event 
practical, high M-values are readily attainable in suit- 
able two-reservoir free manometry that equal or even 
surpass those earlier indicated as obtainable in prac- 
tice in constant-volume manometry, namely, 15 to 30. 
Such magnifications will frequently be far more than 
desired and more than adequate to uphold the maxim 
of science that to increase sensitivity by an order of 
magnitude (~10-fold) is to open new worlds for 
study. 


Experience and calculation show that, for maximum 
practical effect in any type of hydraulie-leverage mag- 
nification arrangement applicable to ordinary commer- 
cially available manometers, the arm reservoir area A 
need seldom be greater than the areas obtainable with 
diameters of 6 to 10 mm (A=30 to 75 mm’) unless a is 
exceptionally large (> 3 mm’; diameter > 2 mm). With 
small values of a (which are preferable in order to obtain 
small values of a/A), the heights of the even-bore sec- 
tions of the reservoirs need be only a few millimeters, 
and the total volume of the reservoirs less than 1 em’. 
Caleulations based on the equations for K** given in the 
preceding paragraph will also show that capillaries of 
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aurea a 1 mm* and greater will seldom yield high magnifi- 
cation (M»1) in two-reservoir free manometry, no mat- 
ter how large the reservoir area in the expression for 
K** is made, since the a: 273/T’ component of K** then 
always amounts to at least ~ 1 and, hence, values of 
k/K**=M ~1 (19), except in the unusual cases when 
k>1. 

Ordinarily, therefore, for high M values with equal- 
capillary free manometry, not only are two reservoirs re- 
quired but also values of a@ somewhat less than 1 mm? 
down to a practical limit of, say, 0.05 mm*. However, 
there yet remains another series of hydraulic-leverage ar- 
rangements whereby it is possible in free manometry to 
obtain intermediate, even if not high, values of M, and 
these arrangements do not definitely require either of the 
two particular reservoirs just described or any permanent 
alteration of the glass construction of available manom- 
eters such as is involved when one adds the second reser- 
voir to the closed arm of a manometer at hand. In the 
three-arm manometers described here, use is made of or- 
dinary unaltered commercial Warburg manometers of 
large capillary bore to which is added a third arm of 
either of two types (vertical or horizontal), of very small 
capillary bore, in a form that is optionally removable or 
permanent and can be made in the laboratory or commer- 
cially. 

Free manometry with unequal capillaries, Although 
in fixed-volume manometry a difference in capillary 
area between the open and closed arms is of no notable 
consequence for fluid-distance displacement changes 
observed in the open arm, the scope of free manometry 
can be greatly extended by the use of capillaries with 
markedly unequal areas in conjunction with either 
one or two reservoirs. The use of one reservoir alone 
with two unequal capillaries can be made to yield high- 
sensitivity magnifications nearly as striking in prac- 
tice as those obtained with two reservoirs and equal 
capillaries already deseribed. This is true because 
marked inequality between capillary areas is alge- 
braically equivalent, and therefore under properly 
chosen conditions nearly numerically equivalent, to 
inequality between reservoir and capillary areas. This 
situation makes the construction of the second reser- 
voir unessential to obtaining large M values in free 
manometry of some form or other and leaves as alter- 
native the construction of a manometer with one fine 
capillary arm, preferably the open arm since a reser- 
voir is more easily mounted thereon, and a bubble. in- 
serted therein. 

With the manometer arrangement just indicated— 
open-arm reservoir, small capillary, and bubble—the 
change of gas pressure in the confined space is given 
by the sum of the algebraic fluid displacements in the 
open-arm reservoir and in the closed-arm capillary, 
thus, AP = Ha/A + Ha/a*=H(a/A+a/a*), where H 
is the measured bubble distance displacement in the 
open capillary, a and A are (as before) the areas‘ of 
the open-arm fine capillary and reservoir, respec- 
tively, and a* is the area of the closed-arm capillary. 
Then K = = k(a/A + a/a*) + (a - 273/T") + 
H(a/A+a/a*)]/P,} = k(a/A+a/a*) + (a*273/T"). 
(This equation also covers the more general situation 
of two reservoirs and unequal capillaries if a* is re- 
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garded as the area A* of the confining fluid in the 
closed-arm reservoir rather than the closed-arm eapil- 
lary to which it is algebraically equivalent). 

With practical values of a=0.05 mm* (diameter, 
0.25 mm), a*= 3 mm? (diameter, 2 mm), and A=50 


mm? (diameter, 8 mm), K = k (0.05/50 + 0.05/) + 
0.05 = 0.066 for k of unity, so that a sensitivity mag- 
nifieation value of M=K = k/0.066 =16 is readily 
feasible, based on reading the bubble movement in the 
one arm only and without any resetting to fixed vol- 
ume in the other arm. Since a* could be made still 
larger, and hence M also, the practical limit of sensi- 
tivity magnification is largely governed, under these 
conditions, by the single magnitude a = 0.05, or M = 
20! One has attained here, in essence, a volumeter 
operating at virtually constant pressure. 

Warburg-type manometers with markedly unequal 
capillaries of the order of the dimensions just indi- 
cated would make excellent general-purpose manome- 
ters for both free and fixed-volume manometry, either 
with or without high-sensitivity magnification (with 
or without actual use of the reservoir-bubble arrange- 
ment). The unequal capillaries would offer no essential 
disadvantage for ordinary, conventional fixed-volume 
manometry but would open up a whole field of here- 
tofore unenvisaged possibilities for free manometry. 
The widespread scientific utilization of such a type of 
all-purpose hydraulic manometer with two reservoirs 
(Fig. 4) deserves highest recommendation. 

In the absence of such manometers at hand, it is 
possible to convert, in the laboratory or otherwise, the 


Fig. 4. Hydraulic general- 
purpose manometer designed 
for equally efficient use in 
either constant-volume mano- 
metry, free manometry, vol- 
umetry, or (Fig. 5) one-arm 
manometry, with either high- 
sensitivity magnification or 
conventional sensitivity: A 
and A* are areas of outer 
and inner-arm reservoirs, 
~30 mm* (diameters ~ 6 
mm) ; @ is area of outer-arm 
capillary of diameter option- 
ally variable between, say, 
0.25 to 2 mm; and a®* is area 
of inner-arm capillary of di- 
ameter optionally variable 
between, say, 1 to 2 mm. The 
customary graduations (not 
shown) of the capillary arms 
are extended to the tops of 
the reservoirs, and mano- 
meters with outer arms grad- 
uated over the range 0 to 
500 mm may be mounted on 
standard commercial manometer backs normally support- 
ing standard Warburg manometers of conventional range 
0 to 300 mm. Outer and inner arms are readily separable 
and interchangeable at the fluid-sae juncture, permitting 
a wide range of K values dependent upon variable values 
of a/a*, a/A*, a*/A*, and so forth. 
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conventional, equal-capillary Warburg manometers 
into volumeter forms (three-arm manometers) that 
are equivalent to those with capillary inequality, two 
types of which are briefly described and analyzed. 


To the open arm of an ordinary Warburg manometer 
filled to the tup of the reservoir with manometric fluid, 
there is attached (by pressure tubing, plastic tubing, or 
glass ground jointing) ay inverted, graduated, fine cap- 
illary U-tubing that rises and then descends, as a third 
manometer arm, the parallel length of the two other arms, 
to dip into an open reservoir filled with manometric fluid 
whose level is conveniently about that of the bottom of 
the two other arms. By means of the adjusting screw (or 
otherwise) the fluid in all three arms is made continuous 
except for insertion of a small air bubble in the U-tubing. 
This bubble may be inserted by lowering the reservoir 
fluid level momentarily below the end of the U-tubing 
and allowing a short length of air column to enter, with 
the aid of regulation by means of the adjustable serew. 

The mathematical treatment is the same as is given in 
the preceding section, with a and A referring now to the 
areas of the capillary U-tubing and the test-tube reser- 
voir, respectively. A can be made so large (several centi- 
meters in diameter), if desired, that the term a/A in the 
formula for K drops out. The U-tubing can be made to 
extend far above the top of the manometer, and the bub- 
ble movement can be followed and measured over the en- 
tire length of both sides of the U-tubing, so that the scale 
length of fine capillary can be increased to several times 
the conventional seale length of 300 mm. It is possible to 
arrange for a series of machine-drawn capillary U-tubes 
of different areas, in order to obtain different values of 
sensitivity magnification desired (for example, 20, 10, 5). 

A horizontal three-arm manometer variant consists 
merely of a long, graduated, fine eapillary, attached to 
the second arm reservoir, as in the foregoing instance, 
but mounted horizontally. Fluid-distance displacement H 
readings are made simply at the end of the manometer 
fluid column in the fine capillary of area a, or optionally 
with an air bubble, or even with a small liquid bubble in 
an air column. The horizontal arrangement is perhaps 
geometrically less satisfactory, but experience shows that 
it is not without interest for the manometric hobbyist. 
Mathematically the term a/A in K is eliminated alto 
gether, since the only hydrostatic pressure change involved 
occurs in the confining arm only and no longer at all in 
the middle or open arms, as is otherwise the case to some 
degree in all other arrangements previously described. 
KE is now simply K =ka/a* + (a: 273/T’), and a more 
than ever is the main determinant of sensitivity and sen- 
sitivity magnification. This brings us to the most remark- 
able type of hydraulic free manometry, in which neither 
a nor k alone, nor the sum of these invariably positive 
quantities, is the main sensitivity determinant, but their 
difference is. 


One-arm, “paradox” free manometer. In all the 
manometrie procedures considered so far, either with 
or without hydraulic leverage, an increase in amount 
of confined gas has caused an increase in pressure in 
practice, and never less than zero change in theory 
(volumetry), regardless of the number of arms per 
manometer or whether any of the arms are vertical or 
‘horizontal. When, however, an odd number of arms 
per manometer is involved (1, 3, or 5, and so forth), 


646 


with the confining meniscus area A* greater than area 
a* of the open, terminal arm capillary declined at any 
angle greater than zero, preferably 90° for maximum 
effect, a truly astounding paradox and exceedingly 
useful result is obtained, invariably occasioning upon 
first acquaintance therewith by orectie hearers, tem- 
porary total disbelief: increases in amounts of con- 
fined gas cause notable decreases in pressure (Ap 
negative!), and vice versa. The vertical, one-arm, 
manometer with hydraulic confining reservoir (Fig. 5), 
but no terminal reservoir, is the mest striking and sim- 
plest example to consider in detail. 

In such a manometer, initially adjusted with mano- 
metric fluid in both the reservoir and capillary sections 
of the arm, a positive production of gas x in the vessel 
causes an increase in volume of confining gas space 
Hia*, where H? is the observed vertical lengthening 
(mm) of the fluid column in the capillary section of 
the arm as measured by the downward movement of 
the lower (hanging) meniscus in the eapillary. Had 
there been, initially, fluid in the capillary portion only 
and none in the reservoir, there would have been ecol- 
umn displacement without lengthening, and the in- 
crease in gas space would have been smaller than 
Hta*, and the pressure change in the confined gas 
would have been, as in ideal volumetry, zero. The ob- 
served lengthening takes place as a result of the effect 
of the hydraulic factor A*/a*, but, contrary to all 
manometric arrangements considered previously, it 
does so not against, but in the same direction as (with), 
gravity, which acts as an added force to increase the 
gas space change. Since the opposing upward and 
downward pressures at the level of the hanging menis- 
eus in the capillary section are always equal, atmos- 
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Fig. 5. Working model of the hydraulic, one-arm, “para- 
dox” free manometer derivable from the hydraulic gen- 
eral-purpose manometer (Fig. 4) merely by removal of 
outer arm therefrom. 
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pherie (P,), and unehanged by any change in «, and 
since the column length has been increased by a depth 
(not height) —-/H*, it follows that the final pressure 
P, of the confined gas has been decreased compared 
with the initial pressure P;, and that the change in 
pressure AP* has been negative, AP*t=(P,-P,) - 
(P, —P,) = P,- P,=- fH* < 0, where the terms 
(P,—-P;) and (P,-P,) refer to the initial and final 
hydrostatic pressures of the column (22). Obviously, 
with allowance for the shortening of the column in 
the reservoir, whose movement is opposite in sign from 
that in the capillary, AP* =- H+ + Ha* /A* =- Ht(1- 
a’ /A* ) 

From this expression for AP* it follows that the 
vessel “constant” of the one-arm manometer is Kt = 
«/Ht =-k (1-a*/A*) + - 273/T’){[P Ht(1 - 
a*/A*)]/P,}, and no longer represents a sum but a 
difference of the two terms in a and k, as earlier adum- 
brated. This cireumstance allows Kt to become smaller 
than the a term previously limiting high-sensitivity 
magnification in free manometry. Positive values for 
Kt may decrease to zero and M=k/K*t may approach 
infinity. This yields the important practical result of 
eliminating the necessity for very small values of a, 
which may now be of the same order as k (say 1 to 2 
mm?), with the very important added advantage of 
eliminating the slow response involved ‘with small 
capillaries and at the same time retaining the main 
merit of free manometry, nainely, no requirement for 
continual resetting to constant volume. 


It is evident from the expression given for Kt that a 
wide range of possibilities, impossible to detail here but 
interesting to work out numerically and algebraically, 
offer themselves for obtaining any desired value of Kt 
and of M=k/Ki by varying the main components of 
k (vg, ve, D), or A* and a* (relative and absolute values), 
or the initial height of the capillary-reservoir column that 
will affect the value of P, which is obviously always 
slightly below the prevailing atmospheric pressure P,, 
and which must, like H+, be given due consideration when 
K? is small. The initial height and stability of the capil- 
lary-reservoir column may be governed technically by 
means of a sac and screw clamp attached to the stopcock 
at the top of the manometer, or in various other ways 
unnecessary to detail here (23). 

The eventual limitation to the use of the one-arm man- 
ometer is reached at high M=k/K?+ values where small 
K?# values may not retain sufficient constancy ever a wide 
range of observed H? values. Since the exact formula 
given for K+ contains the then no longer minor variable 
H+ term, at small value of Kt (small differences between 
the terms in a and k), the expression within Kt in the 
braces can no longer be neglected as it could be in all 
previously reported approximation formulas for free 
manometry vessel constants, where a and k were additive 
in a positive sense only. This eventual limitation becomes 
especially significant when a*/A* is made small.so that 
values of H*+/P, for values of H*t=100 to 300 mm may 
then amount to an appreciable fraction of the entire 
term in a and, hence, in Kt when the latter is, say, 0.05 
or less (M ~ 20). At this extreme range, the evaluation 
of K* as a function of Ht will obviously require careful 
attention, involving some form of calibration (caleulated 
or empirical), but this will be well worth while in view of 
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the high speed of manometrie fluid response to changes in 
% obtainable with one-arm manometry as compared with 
other highly sensitive forms of free manometry. More- 
over, since high sensitivity is involved here, small values 
of H* will frequently be sufficient for problems at hand; 
indeed the Ht values obtained may alternate plus and 
minus in sequence, as is commonly the ease in problems 
such as photosynthesis, where Ht values of +10 mm per 
light-dark cycle may be entirely adequate, so that values 
of M ~ 100 could be obtained with satisfactory constancy 
of Kt as a function of Ht. 


It is a pleasure to acknowledge many helpful sug- 
gestions received from Jerome Cornfield, Erwin Fritz- 
sching, Jehu Hunter, Hilton Levy, Alan Mehler, Rich- 
ard Schnier, Walter Slavin, Mark Woods, and the un- 
known referees. We are indepted to E. Machlett and 
Son, New York, for constructing and making avail- 
able working models (23) of the general-purpose and 
one-arm manometers (Figs. 4, 5). 
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Fig. 6. Illustrative, simple arrangement for obtaining a 
stationary optical effect (zero apparent motion) with an 
equiconvex lens mounted at its focal distance and shaking 
in parallel and unison with a rapidly reciprocating man- 
ometer (17, 18). 


change in pressure must be negative. Such a priori con- 
siderations can readily be confirmed experimentally by 
means of a conventional manometer connected in tandem 
with the one-arm manometer via vented plugs in the 
vessels of the two manometers. If gas is added to the 
one-arm manometer through its stopeock, the already 
described lengthening of its fluid column will be accom- 
panied by a registered decrease of pressure in the con- 
ventional manometer operated either at free or fixed 
volume in the conventional manner without use of hy- 
draulic magnification devices ; that is, the column in the 
outer arm will fall. If, however, enough gas is added to 
the one-arm manometer to force all the liquid out of its 
reservoir down into the capillary below, then, from this 
point on, the column in the open arm of the conventional 
manometer will reverse its direction and rise, indicating 
now the customary increase in pressure with an increase 
of @ in the system when the hydraulic factor A*/a* is 
no longer operating in the one-arm manometer. 

23. Demonstrated at the meeting of the Society of General 
Physiologists, Woods Hole, Mass., 9 Sept. 1954. 


News and Notes 


International Instrument Congress 


The wide scope and large size of the 1st Interna- 
tional Instrument Congress and Exposition, held under 
the auspices of the Instrument Society of America in 
Philadelphia, 13-24 Sept., afforded more than 23,000 
persons a unique opportunity to view at first hand the 
intensive activity that characterizes the present-day 
field of instrumentation, to observe trends and to eval- 
uate the impact of these trends on individual areas of 
interest. Although this was actually the ninth in an 
annual series of instrument conferences and exhibits 
of the Instrument Society of America (the 1st Instru- 
ment Conference and Exhibit was held in Pittsburgh 
in 1946), it was the first in which foreign countries 
were especially invited to participate. More than 70 


foreign firms were represented in the exhibit; the 
number of foreign visitors is not yet known but was 
certainly well into the hundreds. 

Official recognition and encouragement of this in- 
ternational participation was provided by two resolu- 
tions passed in the U.S. Congress and approved by the 
President. One resolution permitted articles imported 
from foreign countries for the purposes of this exhi- 
bition to be admitted without payment of tariff, and 
the other authorized the President of the United States 
to invite the states of the Union and foreign countries 
to partieipate in the congress and exposition. In ac- 
cordance with this resolution, President Eisenhower 
issued a proclamation and then went further to sig- 
nify his endorsement of the congress and exposition 
by sending a letter to the president of the Instrument 
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Society of America asking that Presidential greetings 
be conveyed to those attending. 

Nearly 500 exhibitors displayed instruments for 
every field of application, every industry, every field 
of research. The cooperation of professional societies 
in arranging the technical sessions well illustrated the 
role of instrumentation as a common denominator 
linking the various traditional scientific and technical 
fields, Eleven societies assisted in arranging a pro- 
gram of 50 technical sessions in which approximately 
160 papers were presented. A listing of these eooper- 
ating societies illustrates the interest that all technical 
fields have in instrumentation: American Institute of 
Chemical Engineers; American Institute of Physies; 
American Institute of Electrical Engineers; American 
Society of Photogrammetry; American Meteorological 
Society; American Microscopical Society; Institute 
of Radio Engineers; Society for Experimental Stress 
Analysis; Metropolitan Microchemiecal Society of New 
York; American Chemical Society; American Society 
of Mechanical Engineers. 

Two Clinies were held in conjunction with the con- 
gress. One, consisting of eight 2-hr sessions, was the 
5th ISA Instrument Maintenance Clinic, which offered 
instruction to several hundred instrument men and 
apprentices on maintenance of various basic types of 
instruments. The other, the 3rd annual Analytical In- 
strument Clinie, was a lecture and demonstration 
course on the latest analytic instruments. This was 
attended by more than 300 engineers, physicists, and 
chemists. Three-hour sessions were held on each of 
seven instruments: x-ray quantometer, Littrow-Echell 
spectrograph, process monitor mass spectrometer, in- 
frared spectrometer, infrared analyzer, ion-resonance 
spectrometer, and nuclear magnetic resonance spec- 
trometer. 

Many of the technical papers presented will appear 
in forthcoming issues of the Journal of the Instrument 
Society of America or in the journals of the other so- 
cieties. Preprints were available for most, and the ISA 
papers will be available in the form of Proceedings. 
A list of titles may be obtained from the ISA (1319 
Allegheny Ave., Pittsburgh 33). 

Some notable features and trends of the exhibit, in 
addition to the foreign displays, were the American 
Institute of Physies exhibition, which included not 
only the regular publications of AIP but also many 
books in various scientific fields having instrumenta- 
tion interest; the large number of exhibits featuring 
automatic data-reading equipment with digital out- 
put; the trend toward using such advanced techniques 
as modular assembly, miniaturization, and etched cir- 
cuits; and the continued trend toward rapid commer- 
cialization of highly specialized research instruments 
typified by the nuclear magnetic resonance (1i-m-r) 
spectrometer. 

The aisles of the exhibit hall were posted with the 
names of famous scientists and engineers who con- 
tributed significantly to instrumentation. A listing of 
these names recalls how much their enduring fame 
has rested on such contributions: d’Arsonval, Boys, 
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Bunsen, Celsius, Coulomb, Elster, Fahrenheit, Frank- 
lin, Galileo, Geiger, Gilbert, Helmholtz, Huygens, 
Lord Kelvin, Rumford, Schweigger, Seebeck, J. J. 
Thomson, Torricelli, Venturi, da Vinci, Watt, Wheat- 
stone. 

At its annual meeting, the council of the ISA elected 
the following officers, who take office 1 Jan. 1955: 
pres., Warren Brand (Conoflow Corp., Philadelphia) ; 
v. presidents, A. A. Anderson (Swissomatie Products, 
Los Angeles) and W. H. Fortney (Humble Oil Co. 
Bay Town, Tex.); treas. J. T. Vollbrecht (Energy 
Control Co., N.Y.). Continuing members of the exee- 
utive board include v. presidents, D. C. Little (Army 
Medical Research Center, Fort Knox) and A. H. 
Peterson (Mellon Institute, Pittsburgh); sec., R. T. 
Sheen (Milton Roy Co., Philadelphia); and retiring 
president W. A. Wildhack (National Bureau of Stand- 
ards, Washington). The 10th Instrument Conference 
and Exhibit will be held in Los Angeles, 12-16 Sept. 
1955. 


Science News 


H. Rowan Gaither, Jr., president of the Ford Foun- 
dation stated recently in the foundation’s annual re- 
port that 
Today, timidity characterizes too much of our current 
corporate and individual giving. . . . There is an unfor- 
tunate tendency for donors to select the safe and sure— 
safe in the sense that few will criticize the gift; sure in 
that the result of the gift may be predicted. 

This tendency, if it persists, will create a philanthropic 
imbalance by withholding support from areas which must 
be developed if we are to advance on a broad front. For 
progress requires the breaking of new and uncertain 


ground, and often it is surrounded by debate and con- 
troversy. 


“We Accuse” is the title of a long article on the 
Oppenheimer case in the October issue of Harper’s by 
Joseph and Stewart Alsop. The authors “accuse the 
Atomic Energy Commission in particular, and the 
American government in general, of a shocking mis- 
carriage of justice... .” After presenting some bio- 
graphical material, the authors review the six examples 
of “falsehood, evasion, and misrepresentation” with 
which the AEC finding was supported, and find only 
one to be “worthy of serious consideration”—the 
Chevalier incident, the most important aspect of 
which, “Oppenheimer’s voluntary decision to give the 
warning about Eltenton,” was not mentioned in the 
AEC opinion. The authors consider this omission to be 
“no mere caricature of the truth [about the Chevalier 
incident], but a gross and flagrant distortion . . . the 
judge himself indulging, wholesale, in the suppression 
of what is relevant and true, and the suggestion of 
what is irrelevant and false.” 

The authors also diseuss at length the roles of Ros- 
eoe C. Wilson, David T. Griggs, and Edward Teller, 
as well as three of Oppenheimer’s opinions on major 
issues of national policy: his moral, technical, and 
strategic objections to the hydrogen bomb; his favor- 
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able opinion on the tactical use of atomic weapons 
(Project Vista); and the recommendations of the 
Project Lincoln Summer Study Group on continental 
air defense. The authors describe specifically the un- 
popularity of Oppenheimer’s opinions on the latter 
two questions with the Strategic Air Command. 


On 29 Sept. it was reported that radioactive dust 
“presumably borne by winds from the explosion of a 
Russian nuclear weapon” had been detected by moni- 
toring instruments at the Armour Research Founda- 
tion of the Illinois Institute of Technology, Chicago. 
The city’s “radiation content” increased to approxi- 
mately 700 counts/min, however this count is much 
less than that given off by a luminous dial wrist watch. 

On the same day Japan’s Atomic Injuries Investi- 
gation Committee issued a nation-wide warning 
against drinking unfiltered rain water or water from 
lakes and catchments because of strong radioactivity 
found recently in rain water in many parts of Japan. 
The radioactivity has been attributed to Russian hy- 
drogen bomb tests in Siberia. 


Jack Hemphill, a biologist for the Arizona Game 
and Fish Commission, has perfected a method for 
preventing fish from being winter-killed in ice-bound 
lakes. A channel is opened in frozen bodies of water 
by pumping compressed air through a perforated 
pipe anchored to the bottom. The compressed air 
forecs the warmer water at the bottom to the surface 
and opens a channel. Thus light ean reach green plants, 
which produce oxygen needed by the fish. Normally, 
light cannot penetrate the ice and thousands of fish 
succumb to asphyxiation. 


Belgium and Switzerland signed an atomic exchange 
agreement shortly after President Eisenhower’s recent 
announcement that the United States would help Bel- 
gium build an atomic reactor. Under the agreement 
Belgium will sell Switzerland small supplies of Congo 
uranium ore, the vital raw materia! Belgium formerly 
furnished only to Britain and the United States under 
a secret wartime treaty. The two nations also con- 
tracted to trade scientific information on construction, 
exploitation, and operation of atomic piles and reac- 
tors. 


In 1955 Federal agencies will obligate an estimated 
$1.99 billion for research and development activities, 
about 10 percent less than the $2.23 billion for 1954, 
according to the report, Federal Funds for Science, 
III. The Federal Résearch and Development Budget, 
Fiscal Years 1953, 1954, and 1955, issued recently by 
the National Science Foundation. 

The major decreases occurred in allotments for re- 
search and development plants and facilities—$158 
million in 1955 compared with $227 million in 1954, 
and applied research and development, $1669 million 
in 1955 and $1703 million in 1954. Obligations for 
basic research in the sciences were expected to increase 


‘ during the year from $120 million in 1954 to $131 


million in 1955. These figures exclude approximately 


$176 million (1954) and $35 million (1955) of re- 
search and development funds available to the Office 
of the Secretary of Defense that were not allocated to 
specifie programs at the time of writing. 

About 87 ct of each dollar for scientific research 
and development went to the physical sciences; 11 et 
went to the life sciences; and 2 ct to the social sci- 
ences. Research and development for national security 
accounted for about 85 percent of the Federal science 
éxpenditures, and the remaining 15 percent was di- 
vided among all other functions of government, in- 
cluding agriculture, health, welfare, transportation, 
communications, and development of natural resources. 


British archeologists are resigned to the probability 
that the site of the Roman temple of Mithras recently 
unearthed in London will soon become the foundation 
of a new seven-story office building. Preservation of 
the 1500-yr-old temple is too costly. 


In the 10 Oct. issue of Nature R. E. Pattle of the 
British Department of Scientific and Industrial Re- 
search’s Chemical Research Laboratory reports an 
“untapped source of power.” The osmotic pressure of 
sea water is about 20 atm. The British experiment put 
the osmotic pressure to work by separating alternate 
layers of salt and fresh water by alternate basic and 
acidic membranes that incorporaté ion-exchange 
resins. When such membranes separate salt solutions 
of different strengths, a potential difference appears. 
Th? membranes are connected in series. A hydroelectric 
pile of 47 pairs of membranes each 3 in. square 
yielded a maximum of 15 mw output power. At low 
temperatures the internal resistance is higher and 
the power output is lower. The pile is therefore likely 
to be more successful in a warm climate. Whether the 
process will be economical probably depends upon the 
time it will run before the membranes need replacing 
and the interior needs cleaning. 


A ring holding a radioactive chemical is worn by 
women factory workers who must put their hands 
dangerously close to a cutting tool on a machine. 
When the hand comes to the danger line, the detection 
instrument clicks. The worker does not have to listen 
for the signal to pull her hand back, for the click of 
the instrument stops the machine. A description of 
this device, was included in a recent speech by Brig. 
Gen. Elbert DeCoursey, director of the Armed Forces 
Institute of Pathology. 


In a recent issue of the Journal of the American 
Chemical Society Bert L. Vallee of the Biophysics Re- 
search Laboratory, Harvard Medical School and Peter 
Bent Brigham Hospital, and Hans Neurath, professor 
and head of the department of biochemistry at the 
University of Washington in Seattle, report that zinc 
is an essential component of an enzyme needed in 
digestion. Analyses of several independent crystalline 
preparations of carboxypeptidase, an enzyme obtained 
from the pancreas of cows, showed that there is ex- 
actly one atom of zine in each molecule. Carboxy- 
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peptidase acts on the linkages of protein decomposi- 
tion products and reduces them to amino acids, which 
are essential in human nutrition. 

Identification of the zine in the enzyme was made 
as a result of the Harvard laboratory’s continuing 
investigation of the role of metals in cell metabolism 
and of Neurath’s very extensive research on the fune- 
tion and structure of proteins. The coordination of the 
independent efforts of both laboratories resulted in the 
successful collaboration. 


The U.S. Department of Agriculture’s Forest Prod- 
ucts Laboratory at Madison, Wis., has developed a 
new test for detecting southern pine decay. When a 
solution of alizarin red § is applied to the ends of 
southern pine stock, decay-infected areas turn yellow; 
healthy wood turns a bright red. 


In an article entitled “Spreading the Fruits of Re- 
search” in the September American Mercury, John L. 
Kent, science and industry correspondent of Wash- 
ington, D.C., diseusses the dissemination of research 
information by the government bureaus. He says that 
“red tape, excessive security, and lack of a system are 
slowing the flow of reports to those who could make 
use of them.” He cites instances in which reports of 
important nonmilitary research were not made avail- 
able to industry and other researchers until 3 yr after 
the reports were written. ; 

The author suggests that an industry-government 
committee, similar to the one that studied the Atomic 
Energy Commission dissemination problems several 
years ago, be organized to “examine the unclassified 
and perhaps over-elassified research reports of the 
Departments, and look into the nonmilitary depart- 
ments as well. ... The mere existence of such a com- 
mittee would probably speed up dissemination. .. .” 
Kent thinks that the National Advisory Committee for 
Aeronautics. the National Bureau of Standards, and 
the Atomic Energy Commission are doing a good job 
of disseminating technical information. 


In September Australia’s first crushing of uranium 
ore began in Rum Jungle in the Northern Territory, 
an area once considered almost worthless. In 1948 the 
Commonwealth Government offered rewards up to 
£25,000 for significant discoveries of uranium. Joe 
White of Darwin, for 20 yr a gold and copper pro- 
spector, recognized in a Government pamphlet a 
photograph of ore that reminded him of specimens he 
had seen at an old copper working in Rum Jungle. He 
sent samples of this ore to the Mines Department at 
Alice Springs and received the award. 


The mountainous Palmer Peninsula in the Falkland 
Islands region of Antarctica is to be mapped and 
investigated by eight scientists and surveyors who 
recently left England on a 2-yr expedition. The ex- 
pedition is officially classified as a routine replacement 
of personnel already in the area. The Falkland Islands 
are a British Crown Colony. In 1908 Britain annexed 
in addition South Georgia, the South Sandwich Is- 
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lands, South Orkney Islands, South Shetland Islands, 
and the Palmer Peninsula together with its offshore 
islands, as the Falkland Island Dependencies. Argen- 
tina disputes the British claim to the Falklands, and 
both Argentina and Chile dispute the elaim to the 
dependencies. Great Britain is establishing a chain 
of meteorological and other stations in the area. 

The main base camp of the current expedition will 
be established at Hope Bay in Graham Land on the 
northern tip of the peninsula. Sledge parties will ex- 
plore the interior next spring. Many lines of research, 
including ionospheric surveys, will be carried out. 

Palmer Peninsula itself is thought to be a geologic 
continuation of the Pacific Coast voleano chain ex- 
tending from the Rockies to Tierra del Fuego. Ae- 
cording to a report by members of the preceding ex- 
pedition, bones of penguins bigger than men have been 
found on Seymour Is'and off the eastern coast of the 
peninsula. London paleontologists declared the speci- 
mens to be relies of a fossil race of penguins that 
flourished in the Miocene period 25 million yr ago. 


Scientists in the News 


Four new appointments to the staff of the National 
Science Foundation have been announced : 

Lawrence R. Blinks of the Hopkins Marine Station, 
Stanford University, is assistant director for biolog- 
ical and medical sciences. 

George H. Hickox of the University of Tennessce, 
is program director for engineering sciences in the 
mathematical, physical, and engineering sciences divi- 
sion. 

William C. Steere of Stanford University, is pro- 
gram director for systematic biology in the biological 
and medical sciences division. 

Peter van de Kamp, of Swarthmore College, is pro- 
gram director for astronomy in the mathematical, 
physieal, and engineering sciences division. 


John G. Reinhold, biochemist noted for his research 
in liver diseases, received the 1954 Ernst Bischoff 
award of $500 at the 6th annual meeting of the 
American Association of Clinical Chemists. Reinhold 
is associate professor of physiological chemistry in 
medicine at the Graduate School of Medicine, Univer- 
sity of Pennsylvania, and is in charge of chemistry at 
the Pepper Laboratory of Clinical Medicine at that in 
stitution. 


At a recent ceremony in Princeton, N.J., Albert 
Einstein and James Franck of the University of Chi- 
cago received honorary degrees from Technion, Israel 
Institute of Technology. Two other Nobel prize win- 
ners were present—Niels Bohr, Danish physicist, 
and Isidor I. Rabi, nuclear physicist and member of 
the General Advisory Commission of the Atomic 
Energy Commission. Some 150 educators, Israeli offi- 
cials and Jewish leaders attended the function, which 
was under the auspices of the American Technion So- 
ciety. 
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Ernest Edward Charlton, consultant in nucleonies 
and radiation at the General Electric Research Labo- 
ratory at Schenectady, has been chosen as the Mehl 
honor lecturer for the annual convention of the So- 
ciety for Nondestructive Testing, to be held in Chicago, 
14 Nov. at the Morrison Hotel. 


George Glockler, formerly deputy chief scientist of 
the Office of Ordnance Research, U.S. Army, and a 
past vice president of the AAAS, has been appointed 
chief scientist of OOR. He succeeds T. J. Killian, who 
resigned recently to become dean of the School of 
Engineering and Architecture at Catholic University. 


Henry J. Oosting, plant ecologist, has been named 
chairman of the Duke University botany department. 
He succeeds Hugo L. Blomquist, who has held the post 
since 1934. Though retiring from the chairmanship, 
Blomquist will continue to serve in the department 
as a full professor. 


Robert R. Wilson, director of Cornell University’s 
Newman Laboratory of Nuclear Studies, is at the 
University of Paris as a consultant in the construction 
of an electron accelerator of the synchrotron type. In 
addition to working on the accelerator, he will lecture 
at the Sorbonne as well as the University of Paris 
before his return to Ithaca in February. 


Sharp and Dohme, division of Merck and Co., Ine., 
has announced the retirement of Paul S. Pittenger, 
vice president and director of quality control. Pit- 
tenger joined the H. K. Mulford Co. as director of 
pharmacodynamic research in 1910, and held that 
position until 1925. Two years later he was appointed 
director of pharmacologic research at Sharp and 
Dohme, which named him assistant general superin- 
tendent in 1928 and assistant to the president in 1929. 
He became vice president in 1930 following the merger 
of Sharp and Dohme and H. K. Mulford. 

In addition to his positions in industry, Pittenger 
for 20 yr served as demonstrator, lecturer, and instrue- 
tor in bioassaying at the Medico-Chirurgical College 
of Philadelphia, the Philadelphia College of Phar- 
macy and Science, and Temple University College of 
Pharmacy. His course in bioassaying was the first to 
be offered in the United States. 


The American Society of Medical Technology has 
designated John William Chubbuck, editor of the 
Newsletter of the Texas Society of Medical Technolo- 
gists, as winner of the Medical Technologist of Texas 
award, 


Abram V. Tunison has been promoted to the position 
of chief of the Fish and Wildlife Service’s branch of 
game fish and hatcheries. He succeeds O. Lloyd Mee- 
hean, who was appointed recently as assistant to the 
director in charge of technical staff services. William 
Hagen, Jr., chief of the section of salmon propagation, 


' will become assistant chief of the branch of game fish 


and hatcheries, filling the vacancy left by Tunison. 
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Carl Tolman, who has been associated with Wash- 
ington University, St. Louis, as a member of the fae- 
ulty and in various administrative posts since 1927, 
has been named vice chancellor and dean of faculties. 
Tolman has been acting in that capacity since June 
1953. Since 1946 he has held the position of dean of 
the Graduate School of Arts and Sciences, and for 
the past 9 yr he has also been professor of geology 
and geological engineering and chairman of that de- 
partment. 


The Department of the Army has appointed Per K. 
Frolich, vice president of the chemical firm of Merck 
and Co., Ine., Rahway, N.J., to the top civilian post 
in the Army Chemical Corps. Expected to take office 
about 1 Dee., he will serve in the dual capacity of 
deputy chief chemical officer for scientific activities, 
and chief scientist for the corps. 


Recently Sydney Chapman, president of the Inter- 
national Union of Geodesy and Geophysics, Great 
Britain, and chairman of the special committee for 
the International Geophysical Year, spoke at the Na- 
tional Science Foundation on “Rocket exploration 
of the geomagnetic field.” 


At Wesleyan College, Macon, Ga., Mary Nancy 
Green has resigned to join the department of chemis- 
try at Wellesley College, and Lisabeth Beynon, for- 
merly of Mercy College, Detroit, Mich., has accepted 
a chemistry professorship. 


Geoffrey Edsall, editor-in-chief of the Journal of 
Immunology since December 1948, has resigned effee- 
tive 1 Oct. His successor is John Y. Sugg, associate 
professor of bacteriology and immunology, Cornell 
University Medical College, 1300 York Ave., New 
York 21. 


Charles R. Holmes, research geophysicist of the 
New Mexico Institute of Mining and Technology, has 
just returned from 2 yr of study and research at 
Pennsylvania State University. He will resume his 
studies of underground water resources. 


Arthur D. Little, Ine., industrial consulting and 
research firm in Cambridge, Massachusetts, has an- 
nounced that Charles M. Apt joined the staff of the 
Flavor Laboratory in August. Apt had previously 
served on the faculty of Amherst College, where’ he 
taught physies and analytical and general chemistry. 
He also conducted research in light-scattering from 
solutions of nucleic acids isolated from mammary 
adenocarcinoma tumor tissue in miee. 


John M. Neff, former assistant manager of the 
ceramics and minerals research department at Armour 
Research Foundation of Illinois Institute of Tech- 
nology, has been promoted to manager. He succeeds 
Einar P. Flint, who resigned to accept a position as 
director of inorganic research at the Mallinckrodt 
Chemical Works, St. Louis, effective 1 Oct. 
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New York University College of Medicine has an- 
nounced that William C. Von Glahn, chairman of the 
department of pathology, has retired with the title of 
professor emeritus. He is succeeded by Lewis Thomas, 
former professor of pediatries and internal medicine 
at the University of Minnesota Medical School. Von 
Glahn received his M.D. from the Johns Hopkins 
University Medical School in 1915. Prior to joining 
N.Y.U. in 1941, he held teaching appointments at 
Johns Hopkins and the College of Physicians and Sur- 
geons, Columbia University. He has served on the 
staffs of Johns Hopkins Hospital and City Hospital 
in Baltimore, and of Presbyterian Hospital, Bellevue 
Hospital, and New York University Hospital in New 
York. In addition to other society affiliations, Von 
Glahn is a past vice president and president of the 
New York Pathological Society and past president of 
the New York Clinical Society. 


Norton Nelson, professor of industrial medicine in 
the Post-Graduate Medieal School of New York Uni- 
versity—Bellevue Medical Center, has been appointed 
director of the Institute of Industrial Medicine at the 
center. He sueceeds Anthony J. Lanza, who becomes 
a consultant to the institute. 


James M. Sharp, recently associated with atomic 
energy development programs at the Sandia Corp. 
and the Air Force Special Weapons Center, has been 
appointed supervisor of special projects for the phys- 
ies department of the Southwest Research Institute. 
He will be responsible for industrial and military re- 
search operations in systems analysis, analog com- 
puters, energy conversion methods, and electrome- 
chanical development. 


Necrology 


Henry F. Beckman, 78, professor emeritus of obstet- 
ries at Indiana University Medical School, Blooming- 
ton, Ind., 5 Oct.; Nolan R. Best, 38, rocket and guided 
missile expert at the Naval Research Laboratory, 
Washington, D.C., 29 Sept.; John L. Flagg, 81, presi- 
dent of the Watson-Flagg Engineering Co., New 
York, N.Y., 2 Oct.; Roderic Hill, 60, retired air chief 
marshal and rector of the Imperial College of Science 
and Technology, London, Eng., 6 Oct.; Luther G. 
Paul, 83, retired surgeon and former professor of 
medicine at Harvard University, Cambridge, Mass., 6 
Oct.; Charles W. Perkins, 76, surgeon, radiologist, and 
author, Norwalk, Conn., 7 Oct.; James M. Phalen, 81, 
surgeon, specialist in tropical diseases, author, and 
editor emeritus of the Military Surgeon, Washington, 
D.C., 5 Oct.; Ward E. Pratt, 64, chemical engineer, 
expert on metal corrosion, and inventor, West Orange, 
N.J., 5 Oct.; Edward C. Schneider, 80, pioneer in avia- 
tion medicine, developer of Schneider physical fitness 
index, and professor emeritus of biology at Wesleyan 
University, Middletown, Conn., 3 Oct.; Alfred M. 
Tozzer, 77, former curator of Middle American arche- 
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ology and ethnology at the Peabody Museum, Hudson 
professor of archeology and professor emeritus of 
anthropology at Harvard University, Cambridge, 
Mass., 5 Oct.; Robert S. Wilson, 38, nuclear physics 
investigator at the Australian National University, 
Melbourne, Australia, 4 Oct.; Monte M. Wladaver, 53, 
physician and research specialist in the preservation 
of woods. 


Meetings 


Potential industrial health hazards, as well as the 
major health problems now facing manufacturers, 
will be taken up at the 19th annual meeting of Indus- 
trial Hygiene Foundation to be held at Mellon Insti- 
tute, Pittsburgh, Pa. 17-18 Nov. Some 800 industrial 
and professional leaders from all parts of the United 
States will participate in medical, engineering, chem- 
ical-toxicological, legal, and joint medical-legal con- 
ferences on the first day and in the main meeting, 
designed particularly for management, on the 18th. 
They will represent the 360 member companies of the 
foundation. 


The American Society of Tropical Medicine and 
Hygiene, the American Sisto a Tropical Medicine, 
and the American Society of Parasitologists, will meet 
together in Memphis, Tenn., 3-6 Nov. 


The 40th annual clinical congress of the American 
College of Surgeons will be held in Atlantie City, N.J., 
15-19 Nov. More than 10,000 fellows of the college 
and their guests from all over the world will partici- 
pate in this postgraduate education meeting. Charles 
deT. Shivers of Atlantic City is chairman of the At- 
lantie City Advisory Committee on Arrangements. 

Frank Glenn, New York, current president of the 
college, will preside at the opening evening session 
at which Alan Gregg, New York, and Robert H. Ken- 
nedy, New York, will be guest speakers. On the final 
evening Alfred Blalock, Baltimore, will be installed 
as president for the coming year. Evarts A. Graham 
of St. Louis is chairman of the board of regents and 
Paul R. Hawley of Chicago is the director. 


The Southeastern Work Conference on Biology 
Teaching, 28 Aug.—6 Sept., was sponsored by the Na- 
tional Association of Biology Teachers in cooperation 
with the American, Institute of Biological Sciences. It 
was made possible by a $15,000 grant from the Na- 
tional Science Foundation and was codirected by 
Richard L. Weaver, associate professor of conser- 
vation at the University of Michigan, and Samuel 
Meyer, head of the botany department at Florida 
State University. There were nearly 100 participants 
in the conference, a group that was made up of col- 
lege professors of botany, zoology, biology, and sci- 
ence education; high school teachers of biology; and 
supervisory and administrative personnel, including 
deans and state superintendents of education. Seven- 
teen states, the District of Columbia, and the Canal 
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Zone were represented. Delegates from the AAAS, the 
National Research Council, and the National Science 
Foundation took part. 

Using group diseussion methods, biology teaching in 
high schools and colleges was considered from many 
viewpoints, such as that of the research biologist, the 
college teacher, the methods teacher, the secondary 
school teacher, and of administrative officers at all 
levels. Basie problems of all groups were presented 
and considered by the entire conference, the first to 
bring together a large number of people from all 
levels of teaching and administration for simultaneous 
consideration of problems in the teaching of biology. 
The total biology training program from the introdue- 
tory high school biology course through advanced 
professional training of biology teachers and re- 
searchers was brought into sharp focus. 

Many of the problems discussed related to the acute 
shortage of qualified high school biology teachers. The 
U.S. Office of Education has recently issued a state- 
ment that less than 60 percent of the high school 
biology teachers have the equivalent of a college ma- 
jor in that field. As high school enrollments increase, 
the shortage is becoming more acute. At the same 
time, an increasing number of high schools are re- 
quiring all students to have courses in biology and a 
decreasing number of college graduates are choosing 
high school biology teaching as a profession, The 
conference approached this problem from two stand- 
points: to improve the quality of training for the 
high school biology teacher, and to make his job more 
attractive after he has gotten into it. 

To improve training, the conference recommended 
that the prospective high school biology teacher have 
a college major in biology which will include one year 
of general biology or courses in general botany and 
general zoology; at least one-third of this training 
should be in plant science. The conference recognized 
the need for field studies in the teacher’s advanced 
training. To provide a broad training that will make 
modern biology meaningful and at the same time 
qualify the teacher to instruct in related scientific 
ficlds, it was recommended that he have a year each 
of chemistry and physics, with laboratory work, a 
year of mathematics, and some training in earth sci- 
ence. It was further recommended that he take the 
necessary education courses to fulfill his state’s cer- 
tification requirements. A course in the methods of 
teaching high school biology was considered essential. 
It was agreed that the high school biology teacher 
should have the same broad training in the humani- 
ties, social studies, and communication skills as teach- 
ers in other areas. The conference regarded these 
recommendations as the minimum training needed by 
the high school biology teacher to prepare him for his 
work, 

The conference recognized the high school teacher’s 
need for consultative services. It was felt that too 
often other assignments in the consultant’s schedule 
took precedence over providing advice. For that rea- 
son, it was recommended that the various states take 
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the necessary steps to concentrate their consultant 
services in the hands of a single individual who would 
have no other major responsibilities. 

In order to meet the demands for increased num- 
bers of high school biology teachers, the conference 
suggested that this position be made more attractive 
(i) by the establishment of salary and pension sched- 
ules more nearly comparable to those of other pro- 
fessional groups in industry and government, (ii) by 
encouraging promising high school students to choose 
biology teaching as a profession, (iii) and by issuing 
temporary certificates to persons who do not meet the 
minimum requirements provided they continue their 
professional training toward meeting such require- 
ments. 

The conference recognized that the high school stu- 
dent is to be training to take his part in community 
life and that his work in biology should make a defi- 
nite contribution to that goal. 


A symposium on The Nuclear Reactor and the Uni- 
versity will be given 12-13 Nov. by Vanderbilt Uni- 
versity in cooperation with Oak Ridge National Lab- 
oratory and the Oak Ridge Institute of Nuclear 
Studies. Eight persons—four from Oak Ridge Na- 
tional Laboratory, two from the Atomie Energy Com- 
mission, and two from the university—will give papers 
at the symposium, which will be held on the Vander- 
bilt eampus in Nashville. All interested engineers and 
scientists are invited. 


Available Fellowships and Awards 


On 24 Sept. the Rockefeller Foundation took action 
that provided a grant of up to $30,000 for the Gordon 
Research Conferences of the AAAS. The money is to be 
used for the payment of expenses involved in the at- 
tendance of foreign scientists at the more biological 
of the conferences. The fund is available during the 
3-yr period beginning 1 Jan. 1955, Up to $12,000 may 
be used in any one year. 


The Life Insurance Medical Research Fund invites 
faculty members to nominate for 1955-56 predoctoral 
fellowships medical students who wish to spend a year 
in research training. Nomination deadline is 30 Nov. 
These fellowships are open to those who have com- 
pleted 1 yr or more of work as a medical student. 
Stipends are from $2000 to $2400. For further in- 
formation write to the Scientific Director of the Fund 
at 345 E. 46th St., New York 17. 


The Lalor Foundation has announced a new program 
for 1955 to include 20 summer or interim awards to 
college and university faculty members for study and 
research in which chemistry or physics is used to at- 
tack problems in any of the biological sciences. Each 
award will normally not exceed $900 to single men and 
women and $1100 to married persons, unless there are 
special circumstances. 

It is the hope of the foundation that not only sig- 
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nificant research, but also more dynamic teaching of 
science may result from this new program and that 
younger faculty members may find opportunity by 
this means to advance in their profession. The foun- 
dation is discontinuing its previous program of full- 
year predoctoral and postdoctoral fellowship awards. 
Detailed information about the new program may be 
obtained from C. L. Burdick, Director, Lalor Foun- 
dation, 4400 Laneaster Pike, Wilmington 5, Del. Ap- 
plications must be filed before 15 Jan. 1955. 


Instruments 


Beckman has announced a new ultraviolet near- 
infrared spectrophotometer with a wavelength range of 
220 to 2700 mu. The instrument has a lead sulfide de- 
tector and a quartz monochromator to permit high- 
speed transmittance recording. It provides double- 
beam operation with a single receiver and fast-beam 
chopping (480 times/see). The resolution is 0.1 mp at 
220 mp and 5 mp at 2500 mu. Any of five seanning 
speeds can be selected. (Bull. 352-38, Beckman Instru- 
ments, Ine., Dept. Se., Fullerton 1, Calif.) 


‘A blood arithmometer has been designed to make 
complete blood counts automatically. After a sample 
is placed in the counting chamber, a built-in micro- 
scope with dark-field idumination images the cells in 
the plane of a precision aperture located in front of 
a photomultiplier. As the counting chamber is seanned 
by a light beam, cells with images either wholly or 
partly within the area of the precision aperture are 
detected. The photomultiplier detects each image that 
passes across its cathode, and the resulting electronic 
pulses are fed into a computer cireuit. The count is 
displayed on a dial calibrated in terms of 10° red 
cells/mm* and 10‘ white cells/mm‘. The accuracy is 
+3 percent. (Jarrell-Ash Co., Dept. Se., 26 Farwell 
St., Newtonville, Mass.) 


A new high-speed microoscillograph is available for 
the single-sweep recording of three simultaneous 
phenomena at frequencies up to 10,000 Mey/see. 
Three beams and three independent electrostatic de- 
flection systems are provided. The beams are focused 
to writing spots 0.01 mm in diameter by an electro- 
magnetic lens. Reeords are made on a photographic 
plate big enough for 27 oscillograms; it is inserted 
into the vacuum chamber through a vacuum lock. 
(Central Research Laboratories, Inc., Dept. KP-Sce., 
Red Wing, Minn.) 


Miscellaneous 


The Rockefeller Institute for Medical Research an- 
nounces the publication of a new journal to be known 
as The Journal of Biophysical and Biochemical 
Cytology. It will be the purpose of this new publica- 
cation to provide a common medium for the presenta- 
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tion of morphological, biochemical, and biophysical 
studies of the structure of cells and their components 
and of the functions of these components. The Jogrnal 
will give special attention to investigations dealing 
with cellular organization at colloidal and molecular 
levels. Papers will be favored which integrate infor- 
mation derived from newer approaches to cytology, 
such as histochemistry, cytogenetics, cytochemistry, 
electron microscopy, and x-ray diffraction. 

Because of the significance of photographie evi- 
denee, the publishers of the Journal will endeavor 
to insure excellence of photoengravings and printing. 
The length of articles will be limited to approximately 
25 printed pages exclusive of plates. Short notes of 
1500 words or less will be accepted; review articles 
will be published only on invitation. The format and 
styling used by the Journal of Experimental Medi- 
cine and the Journal of General Physiology, presently 
published by The Rockefeller Institute, will be fol- 
lowed by this new Journal. 

It is proposed to publish one volume per year, the 
issues appearing bimonthly: the price will be $7.50 
per volume. In order that manuscripts may be con- 
sidered for inclusion in the first number which will 
be published in January 1955, they must be received 
not later than 1 Nov. 

The Journal will be edited by Richard 8S. Bear, 
Massachusetts Institute of Technology; H. Stanley 
Bennett, University of Washington; Albert L. Leh- 
ninger, Johns Hopkins University; George E. Palade, 
Rockefeller Institute; Keith R. Porter, Rockefeller 
Institute; Francis 0. Schmitt, Massachusetts Institute 
of Technology; Franz Schrader, Columbia University; 
Arnold M. Seligman, Sinai Hospital of Baltimore. 
Manuscripts should be addressed to the Editors, The 
Journal of Biophysical and Biochemical Cytology, 
The Rockefeller Institute for Medical Research, New 
York 21. 


The following chemicals are wanted by the Registry 
of Rare Chemicals, Armour Research Foundation of 
Illinois Institute of Technology, 35 W. 33 St., Chieago, 
tangeretin; thevetine; murexine; meroxyl; ero- 
tonyl isothiocyanate; ketoglutarie aminase; cyclo- 
phorase; 4-ureido-5-imidazole earboxylie acid; nobile- 
tin; arecolidine; beta-ortho-cresyl glutarie acid; 
mucinase; para-iodophyenyl isothiocyanate; gentisic 
aldehyde; diethylphosphine; 1,2,4,5-tetrahydroxyben- 
zene; 2,5,4’-triethoxydiphenyl-l-diazonium chloride; 
cis-propenyl bromide; 2,4,2’,4’-tetrohydroxydipheny] ; 
anthracene-9,10-dicarboxylie acid. 


Richard M. Hewitt, chairman of the American Medi- 
cal Writers’ Association educational committee, has 
announced that there is a great need for $500 scholar- 
ships to support students wishing to enroll in the 
newly organized courses in medical editing and writ- 
ing that are available at the Universities of Missouri, 
Iilincis, and Oklahoma. Interested persons should com- 
munieate with Dr. Hewitt, Section of Publications, 
Mayo Clinic, Rochester, Minn. 
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Book Reviews 


A History of Mechanical Inventions. Abbott Payson 
Usher. Harvard Univ. Press, Cambridge, Mass., rev. 
ed., 1954. xi+450 pp. Illus. $9. 


One might expect that the author of a comprehen- 
sive treatise on the history of mechanical inventions 
would be a professor of mechanical engineering, so 
engrossed in his subject as to delve deep among its 
hidden foundations. But while the professorial rank 
attributed to the author of this excellent book proved 
to be correct, it turns out (although this is not dis- 
closed on the title page) that Usher is professor emer- 
itus of economics at Harvard, with a very pronounced 
liking for history. But I think many of his readers will 
agree with me that with a little encouragement he 
might have become an engineer. P 

The book is in fact a revised and enlarged edition 
of an earlier work by the same author published in 
1929 under the same title. The first four chapters 
present entirely new material. Their titles, in order, 
are “The place of technology in economic history’’; 
“Historical analysis of social change’’; “The particu- 
lar system of events”; and “The emergence of novelty 
in thought and action.” They are designed to provide 
the reader with a systematic statement of the philo- 
sophie and psychological theory that guided the au- 
thor in the preparation of the descriptive and narra- 
tive chapters. As such, they should also be of interest 
and assistance to historians engaged in other fields. 
But they are not easy reading, and many readers will 
early be inclined to take the author’s word for it and 
jump to the juicier chapters that follow. 

These later chapters present to the student of me- 
chanical inventions an intriguing story, with a wealth 
of detail, supplemented by many drawings and richly 
documented. They include the mechanical equipment 
of pre-Christian antiquity; water wheels and wind- 
mills; water clocks; mechanical clocks and their de- 
velopment into instruments of precision; printing; 
textile machinery; machine tools and quantity produc- 
tion, With the exception of the last chapter on the 
production and distribution of power, the historical 
account ends at 1850 and usually earlier. To me the 
transcendent chapter of all is the one devoted to 
Leonardo da Vinci, engineer and inventor. 

It is of interest to note that photographic type- 
setting has been employed in producing this book. The 
result is pleasing, and it is fitting that the book itself 
should exemplify a new invention. 

Lyman J. Briaes 
Director Emeritus, National Bureau of Standards 


The Physics of Experimental Method. H. J. J. Brad- 
dick. Wiley, New York, 1954. xx + 404 pp. Illus. $7. 


Now that it is no longer practicable, with the in- 
ereased enrollments in physics, to have undergradua- 
ates make minor repairs on their equipment or to 
design and build apparatus for their experiments, 


many colleges have introduced courses in laboratory 
arts. Braddick gives such a course at the University of 
Manchester entitled “The physics of experimental 
method.” This book, bearing the same title, was writ- 
ten for the course. It is not and was not intended to 
be a source book for the student looking for detailed 
procedures and techniques. The course for which it 
was written is a lecture course, and, as the title indi- 
cates, it is primarily concerned with basie physical 
principles as they apply to experimental work. How- 
ever, references to original sources and to other books 
are given so that the details of procedures may be 
found. 

The student will find the chapters on “Errors and 
the treatment of experimental results,” “Mechanical 
design,” “The natural limits of measurements,” and 
“Electronics” particularly valuable. This last chapter 
is for those who have not had a course in circuitry. 
The chapter on “Mechanical design,” which deals with 
degrees of freedom, hysteresis, optimum size, and vi- 
bration, is especially well done and covers a field 
neglected by most teachers. 

Those who have had a course in light will find little 
that is new in the chapter on optics, and most stu- 
dents will be disappointed that the chapter on nuclear 
physies is so brief. My chief criticism of the book is 
that too many items are discussed too briefly. For ex- 
ample, three pages are devoted to electric motors and 
three to vacuum gages. 

This book is recommended for courses concerned 
with the broad aspects of experimental investigation. 
For courses emphasizing a particular area—for ex- 
ample, nuclear physics—and for those designed to 
develop manipulative skills, it should be available, and 
perhaps required, for supplementary reading. 

V. E. Eaton 
Department of Physics, Wesleyan University 


The Microtomist’s Formulary and Guide. Peter 
Gray. Blakiston, New York, 1954. xiii+794 pp. 
Tilus. $10.50, 


This is a valuable source and reference book for 
anyone who is concerned with the preparation of bio- 
logical materials for microscopic examination. Numer- 
ous books on histologic technique are available, but not 
one of them written in English is equal to this work 
in logical organization and comprehensiveness. 

There are 28 chapters. The first 16 chapters deal 
with the preparation of microscope slides. Chapters 
are devoted to whole mounts, smear and squash prepa- 
rations, ground sections, paraffin, nitrocellulose, frozen 
sections, and methods utilizing injection masses. The 
chapters are well illustrated. Many of the drawings 
and much of the text of these first 16 chapters are to 
be found in the author’s Handbook of Basic Micro- 
technique. 

The last 12 chapters, which comprise more than two- 
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thirds of the book, contain methods and formulas for 
3500 histologic preservative, fixative, staining, mount- 
ing, and miscellaneous procedures. These are grouped 
according to a decimal classification. Each chapter be- 
gins with an outline of its contents. The directions are 
considerably condensed by the uniform use of the 
metric system, with the solutions adjusted generally 
to give 100 parts, except for the fixatives which are 
adjusted to give 250 parts. 

A diseussion of the more important methods is in- 
cluded, and practical applications are frequently 
given, Literature references appear to be complete. 

It is unavoidable in a book of this type that many 
procedures of purely historical interest are included. 
Perhaps the book will serve to revive some of the 
beautiful techniques that were the pride of the older 
microscopists but which are unsuited to the modern 
mass production of slides. 

The Microtomist’s Formulary and Guide shows an 
almost deliberate avoidance of histochemical methods. 
Even the Prussian blue procedures, which have been 
used by biologists for almost a century, are excluded. 

This book should be a part of the library of every 
serious histology laboratory. 

FRANK JOHNSON 
Armed Forces Institute of Pathology, 
Washington 25, D.C. 


Instrumental Analysis. John H. Harley and Stephen 
E. Wiberley. Wiley, New York; Chapman & Hall, 
London, 1954. vii +440 pp. Illus. $6.50. 


This book aptly fills a very definite need. The tre- 
mendous increase in instrument methods of chemical 
analysis has called for just this type of treatment. The 
authors discuss both the theory and applicability of 
practically all currently used instrument techniques. 
Sufficient theory is given so that a clear-cut under- 
standing of the principles of a method is possible. 
Copious literature references are included for the 
reader who seeks more detail, but the treatment in this 
book is adequate for most purposes. 

It is refreshingly up to date and supplies the reader 
with pertinent information on specific commercial in- 
struments now on the market. Of course it is inevit- 
able that some of the information given no longer 
holds true, but that is the penalty paid for complete- 
ness. I would have liked to have seen some refer- 
ence to the use of the pressed-dise KBr technique in 
infrared because of its importance and usefulness, but 
perhaps this is expecting too much since it is only a 
year or so since this technique was introduced. 

In general the authors have brought the latest devel- 
opments in each of the fields discussed to the fore, and 
they are to be commended on the clarity of their pre- 
sentation. This book should be useful not only to the 
practicing analytic chemist, in giving him both the 


fundamental principles involved for new techniques’ 


and sufficient practical know-how so that he can make 
use of a method, but it should be of even greater value 
to the nonanalytie chemist in giving him, under one 
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cover, the theory and power of the newer analytic 
techniques and sufficient information to enable him 
to make a good estimate of the probable applicability 
of a specifie technique to a specific problem. 

The instrument techniques that are discussed include 
visible, ultraviolet, and infrared spectrophotometry; 
Raman and emission spectroscopy; fluorometry; flame 
photometry; colorimetric pH, potentiometric, conduc- 
timetric, amperometric, and high-frequency titrimetry ; 
polarography; x-ray and mass spectrometry; and, of 
course, radiotracer techniques. A chapter on practical 
experiments is included to serve for a college labora- 
tory course. This is an excellent treatment, remark- 
ably brief and clear, of a complex field of science. 

H. A. 
Process Research and Development Division, 
Merck & Co., Ine. 


Adhesive Bonding of Metals. George Epstein. Rein- 
hold, New York, 1954. ix +218 pp. Illus. $2.95. 


It is probable that relatively few people are aware 
of the increasing extent to which industrial adhesives 
are being used as substitutes for rivets, bolts, weld- 
ments, and other conventional methods of fastening 
metal parts together. The author states: 

It is the purpose of this book to give sufficient details 
so that an engineer or technician, faced with the prob- 
lem of joining two materials, will be able to deter- 
mine if an adhesive bonded joint would be advantage- 
ous, what type of adhesive to select, how to employ 
the adhesive and how to design the joint for optimum 
performance. 


All things considered, the book comes surprisingly 
close to achieving this rather ambitious goal. 

After an introductory chapter discussing the ad- 
vantages of adhesive fastening, with perhaps insuffi- 
cient attention to the disadvantages, the chemistry of 
the basic materials is reviewed. The real meat of the 
book is contained in three valuable and lucidly written 
chapters dealing with the problems of formulation of 
metal adhesives, design and testing of adhesive joints, 
and bonding techniques. 

The roles and effects of the various ingredients in 
the formulation of adhesives are discussed extensively, 
and examples are given. Emphasis is placed on ther- 
mosetting structural (high strength) adhesives. In the 
chapter on bonding techniques, emphasis is placed on 
the very important step of surface preparation, and 
detailed instructions are presented for the optimum 
mechanical and chemical surface treatments for many 
metals and alloys. 

Two briefer chapters are devoted to heat-resistant 
adhesives and adhesively bonded metal sandwich strue- 
tures. The author has drawn extensively on the grow- 
ing applications in the air-frame industry for most 
of the many illustrative examples. 

The book is not without faults. The tyro is not 
warned of the difficulties that may be encountered 
because of adsorption of moisture. The second chap- 
ter, dealing with the chemistry of adhesives, will un- 
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doubtedly be of small value to most engineers (unless 
they are chemists as well) and may indeed overwhelm 
many. The chapter assumes a knowledge of terms such 
as “esterification,” “polymerization,” and “alkyl and 
aryl radicals,” but in a later chapter the reader is 
cautioned regarding the proper method of diluting 
strong acids. The list of selected references appears 
F to be rather insufficient for the persons to whom the 
- book is directed. 


W. E. TayLor 
Motorola Inc., Phoenix, Arizona 


The Design and Use of Instruments and Accurate 
Mechanism. Underlying principles. T. N. White- 
head. Dover, printing 2, New York, 1954. xiv + 283 
pp. Illus. Paper, $1.95; cloth, $3.50. 


This seeond printing of a useful book that appeared 

originally in 1934 contains a new preface and minor 

Me corrections by the author. Instrumental errors:are dis- 

7. eussed in part I and the theory of instrumental errors 

] that is developed in part I is applied, in part II, to a 

variety of typical mechanisms. Selected so as to illus- 
trate principles, all examples are fully explained. 


Spot Tests. Fritz Feigl. Trans. by Ralph E. Ocsper. 
Eng. ed. 4 in 2 vols. vol. I, Inorganic Applications, 
xii+518 pp. $6.50; vol. II, Organic Applications, 
xv + 436 pp. Illus. $6.25. Elsevier, Houston—Amster- 
dam, 1954. 


There are some scientists who have devoted them- 
selves so assiduously and unreservedly to particular 
subareas of chemistry that their names are practically 
synonymous with those areas. One such individual is 
Fritz Feigl, who by his large number of papers and 
books on the subject has identified himself with that 
technique of microchemical qualitative analysis known 
as spot tests. A new book or a new edition of an old 
book by Feigl is usually a good indication of the eur- 
rent status of the development and applicability of 
spot tests. 

In his 1949 book, Chemistry of Specific, Selective 
and Sensitive Reagents, Feig] attempted to collect the 
material pertinent to the physical-chemical basis of 
spot tests. The present work, which deals exclusively 
with the application of spot tests, actually consists 
of two separate monographs, since the chapter on 
spot-test. techniques, written by Philip W. West, is 
given in both volumes. 

The format used in previous editions for the de- 
scription of individual tests and procedures has been 
retained; an introductory section of one or several 
paragraphs on the basic chemistry of the reactions 
involved is followed by a succinct laboratory pro- 
cedure. Then follow statements of the absolute limit 
of detection, the concentration limit, and the reagents 
required. Comments on interferences, possible modi- 
fications, and so forth, are then often given. A help- 
ful device is the statement at the bottom of each page 
of the location in the text of the references cited on 
that page. 
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To save space, the bibliography of papers on the 
technical application of spot tests that was contained 
in previous editions has been omitted. On the other 
hand, the material on preliminary tests and on the 
possible technical application has been enlarged. Much 
heretofore unpublished material by the author and his 
coworkers is included, especially on the application 
of known tests of organic qualitative analysis to spot- 
test technique, as well as on the development of new 
tests suitable for organic substances. 

The author stresses the fact that the material has 
been presented so as to allow the ready conversion of 
the tests to a macro scale as well as to apply the 
principles involved to chromatography and, in par- 
ticular, to paper chromatography. 

The material should be readily comprehended by the 
advanced undergraduate student who has had courses 
in organic and analytic chemistry, although the book 
is not a textbook but rather an annotated laboratory 
manual, One or both of the volumes would be helpful 
references to anyone concerned with rapid qualitative 
analysis, for example, biochemists, mineralogists, and 
so forth, particularly when only minute amounts of 
the sample are available. 

The translation by Ralph E. Oesper is of the high 
quality characteristic of his translations. English-read- 
ing chemists are deeply indebted to Oesper for the 
labor he has expended in translating papers and books 
of interest, not only in analytic chemistry, but also in 
the history of chemistry. 

The two volumes are well printed and seem free of 
serious typographical errors. The binding, however, is 
not of comparable quality. The price seems quite 
reasonable. 

J. ELVING 
Department of Chemistry, University of Michigan 


Semimicro Qualitative Analysis. O. Wiig, 
Willard R. Line, and John F. Flagg. Van Nostrand, 
New York, rev. ed., 1954. viii+ 238 pp. Illus. $3.25, 


This textbook is an almost completely rewritten ver- 
sion of the original Flagg and Line Semimicro Quali- 
tative Analysis. The theoretical section consists of 
eight chapters which deal with “Structure of matter,” 
“Solutions,” “Chemical equilibrium,” “Applications of 
chemical equilibrium to homogeneous and heterogene- 
ous systems,” “Complex ions,” “Amphoterism,” and 
“Oxidation-reduction.” An elementary but effective 
consideration of the factors involved in the solubili- 
ties of ionic compounds is included in Chapter 2. Sev- 
eral applications of the Nerist equation to the caleu- 
lation of several types of equilibrium constants from 
the emf of cells are a unique feature of Chapter 8. 

The experimental section includes discussions of 
semimicro techniques and the procedures to be used 
for the analysis of the ions of 22 metals and of 17 
anions. The cations are classified into the five stand- 
ard groups, with hydrogen sulfide being used as one 
of the reagents in the separation of groups II and 
III. The anions are classified into the volatile acid, 
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chloride, sulfate, oxidizing, aud reducing groups. 
Notes adjoining the procedures point out the appli- 
cation of the theory of ionic equilibriums to the 
various separations and identifications encountered. 
Preliminary experiments on the properties of ions 
are omitted to allow more time for the analysis of 
“knowns” and “unknowns.” 

An adequate selection of problems follows six of 
the chapters on theory, and a set of general questions 
on the analytic procedures is placed at the end of 
the experimental section. The appendix contains four 
tables of equilibrium constants, a four-place log table, 
and answers to the numerical problems. Some of the 
values of equilibrium constants are not in agreement 
with some of the recently published values of Latimer 
and his colleagues. 

The semimicro seale used involves, in general, vol- 
umes from 0.2 ml to 10 ml and weights from 1 to 
25 mg. 

This textbook seems to be appropriate for either 
the latter portion of a first-year college course or for 
a separate course in the sophomore year. A section on 
special procedures for ferro- and high-aluminum al- 
loys may be used to provide additional analytie ex- 
perience with several cations net usually included in 
the qualitative analytie scheme. 

Lioyp Mam 
Department of Chemistry, University of Utah 


Isotopic Tracers. A theoretical and practieal manual 
for biological students and research workers. G. E. 
Francis, W. Mulligan, and A. Wormall. Athlone 
Press, London; John de Graff, New York, 1954. 
xvi + 306 pp. Illus. $7. 


Although many excellent books dealing with iso- 
topes are available, it is generally reeognized that 
there exists a real need for a practical laboratory 
manual in this field. Isotopic Tracers is presented as 
such a manual and is, according to the authors, a full 
description of the course that they have given, over 
a period of several years, at the Medical College of 
St. Bartholomew’s Hospital, London. 

The book is divided into two parts. Part one, “Theo- 
rectical considerations,” comprises approximately two- 
thirds of the volume. There is little in this seetion that 
cannot be found in a number of books previously pub- 
lished. Its chief advantage lies in its simplified and 
condensed presentation, which may be more palatable 
for students and beginners in the tracer field. Part 
two, “Practical course,” contains detailed presenta- 
tions of classroom experiments. Typical experiments 
are: the use of G.M. tubes for measurement of radio- 


active isotopes; the determination of atom percent: 


excess N* in a sample; incorporation of P*? into hen’s 
eggs; calculation of circulating red-cell volume and 
blood volume based on persistence of injected P*? 
labeled red cells; localization of injected I*** in the 
thyroid; and determination of self-absorption curves. 
It is this second part that makes the book unique in 
its field. This part should prove extremely useful to 
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the teacher in planning laboratory assignments and to 
the research worker as a manual for the indoctrina- 
tion of newcomers to his laboratory into the proper 
use of isotopes. 

A serious criticism of Isotopic Tracers is its limited 
presentation of C'! techniques, which play a most 
important part in biologieal applications of isotopes. 
No laboratory experiments with C'* are presented nor 
is any mention made of the windowless gas-flow coun- 
ters that have beeome standard equipment for C** 
assay, at least in the United States. 

Sipney UDenrriend 
Laboratory of Chemical Pharmacology, 
National Heart Institute, 
National Institutes of Health, Bethesda, Maryland 


Industr‘al Stoichiometry. Chemical ealeulations of 
manufacturing processes. Warren K. Lewis, Arthur 
H. Radasch, and I. Clay Lewis. McGraw-Hill, New 
York-—London, ed. 2, 1954. xi+ 429 pp. Illus. $7.50. 


One of the early courses in the traditional chemical 
engineering curriculum deals with the analysis of 
process data through computations based on the laws 
of mass and energy conservation and chemical com- 
bination. A considerable portion of the chemical engi- 
neers in this country have eut their professional teeth 
on Industrial Stoichiometry by Lewis and Radasch. 
The second edition of this book is a completely revised 
text that retains the purpose and pedagogie viewpoint 
of the original version. 

The case method is again used in developing and 
illustrating computational procedures. Combustion 
problems involving gaseous and liquid fuels serve to 
introduce techniques which are later extended to cases 
dealing with solid fuels, secondary fuels, and various 
inorganic chemicals. New chapters on nitrogen ecom- 
pounds, fixed alkalies, and ceramics are included. The 
material on equilibrium, sulfur, lime and cement, 
metallurgy, and design has been expanded consider- 
ably. In addition to the illustrative examples in the 
text, a total of 171 problems are included at the ends 
of the chapters. The problems are largely graded, and 
answers are indicated in a few instances. 

The authors have clearly pointed out some of the 
problems encountered in analyzing industrial proc- 
esses and evaluating experimental data. In general, 
however, the textbook is not meant to describe the 
whole process of which an illustrative operation or 
unit is a part. The consideration of energy balances 
is limited to cases in which the net enthalpy change of 
the system is equal to the quantity of heat exchanged 


with the surroundings. A more extensive discussion of 


energy relationships would be desirable. 

As stated in its preface, the book is directed toward 
plant operating personnel and students just beginning 
their study of chemical technology. Knowledge of ecal- 
culus and advanced chemistry is not necessary. The 
book is well written, but the reader’s impression of 
its clarity and continuity will probably be determined 
largely by his reaction to the case method of instruc- 
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tion. In particular, some teachers of chemical engi- 
neering will feel that the evolution of separate cases 
obscures general principles and encourages memoriza- 
tion of distinct techniques. Other teachers who have 
used the original edition successfully will welcome the 
expanded coverage of the second. 

Rosert R. Rorurus 
Department of Chemical Engineering, 
Carnegie Institute of Technology 


Induction and Dielectric Heating. J. Wesley Cable. 


Reinhold, New York, 1954. vii+576 pp. Illus. 
$12.50. 


The author may be justly proud of his lucid and 
comprehensive interpretation of the fundamentals and 
the engineering phases of induction and dielectric 
heating. This work conveys a historical and technical 
panorama of the art and practice with such clarity 
that it is an excellent reference for the student and 
practicing engineer, and a highly functional guide 
for the technical and nontechnical members of indus- 
try who are associated with these forms of heating. 

In reality this work comprises two basic subjects, 
induction heating and dielectric heating. While the two 
subjects are treated separately, frequent cross refer- 
ences point out the similarities and dissimilarities be- 
tween the two types of heating, and demonstrate the 
advantages and disadvantages of each form. The engi- 
neering principles are competently discussed, and the 
theory is conveyed to the reader over a bridge of 
analogies for rapid digestion. The book is sprinkled 
with a number of pertinent graphic relationships that 
enhance the understanding of the subject matter and 
provide useful design data. The author is to be com- 
mended for selecting and furnishing only those equa- 
tions germane to the comprehension and application 
of the science. Writers often succumb to the tempta- 
tion to encumber their work with numerous mathe- 
matical or physical relationships with an apparent 
effort toward erudition but with wanton disregard of 
the real function of the text, which is to convey in- 
formation accurately and directly. 

Following the summary of the technical aspects of 
the art, Cable reviews the sources of energies available. 
This survey provides valuable engineering information 
on the various means of generating the high-frequency 
power necessary. The author’s skill is again revealed 
by his ability to draw the reader’s attention to such 
technical or economic facets of the equipment that are 
pivotal in determining its practical qualifications. To 
illustrate, in the discussion of the effects of bus voltage 
variations upon electronic generators, he presents per- 
tinent graphs demonstrating the effect of filament 
voltage variations on the emission and life. character- 
isties of an oscillator tube. Although this information, 
per se, is not unusual, it is a valuable help in deter- 
mining the economic feasibility of electronic power 
supplies in plants suffering a certain degree of voltage 
variation. 

Coil and electrode designs in large part determine 
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the effective application of induction and dielectric 
heating, respectively, and the two chapters devoted to 
this phase of the art provide a very adequate back- 
ground and guide for solving the design problems 
encountered. 

The major part of the book is devoted to the ap- 
plication of induction and dielectric heating in in- 
dustry and laboratories. This coverage presents a very 
thorough and comprehensive treatment of various in- 
dustrial and other specialized uses of high-frequency 
electric heating. Its completeness, in fact, is extended 
to include speculation on the future potentialities of 
dielectric heating. The number of illustrations is am- 
ple, and they add significantly to the understanding 
of heating problems and applications. 

The completeness of this book is further attested by 
the inclusion of a discussion of radio interference pro- 
duced by the operation of the high-frequency electric 
heating equipment. I feel that Induction and Dielec- 
tric Heating is a valuable adjunct to the libraries of 
the designer and of the application engineer. 

EmaANvEL L. Brancato 
Solid State Division, 
Naval Research Laboratory, Washington 25, D.C. 


Nuclear Reactors for Industry and Universities. 
Ernest H. Wakefield, Ed. Instruments Publ., Pitts- 
burgh, 1954. ix + 93 pp. Illus. $2. 


This brief book has three very timely and worth- 
while objectives: (i) to call attention to the fact that 
small research-type reactors are now at such a stage 
of development that any large university or industry 
should be able to afford one; (ii) to stimulate and 
encourage the widespread use and further develop- 
ment of research reactors by universities and indus- 
try; and (iii) to present in compact form information 
that will “aid universities and industries in making 
decisions about the installation of reactors.” 

The first objective is well supported by a summary 
of a cost estimate prepared by Henry J. Gomberg 
and colleagues at the University of Michigan. It in- 
dicates that $370,000 will cover the cost of reactor 
and tank for a modified “swimming pool” arrange- 
ment, including operating necessities and safety in- 
strumentation but exclusive of fuel, which must be 
obtained by arrangement with the Atomic Energy 
Commission. To this must be added the cost of the 
building ($60,000 to $300,000) and of the laboratory 
research facilities for which some sketchy estimates 
are indicated. 

The second objective is supported by a stimulating 
preface by K. 8. Pitzer and by a very brief analysis 
of the value of a research reactor, which would well 
merit broader consideration and treatment than that 
allotted to it. 

Four chapters of elementary, semipopular, techni- 
cal information about reactor classifications, control, 
instrumentation, and radioactive measurements, one 
chapter on radiation protection, and one chapter on 
legal aspects, are intended to support the third ob- 
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jective. Any university or industry capable of justi- 
fying an outlay of approximately $500,000 for a re- 
search reactor will certainly have on its staff one or 
more capable scientists who need and can make good 
use of a research reactor. These scientists, who will 
play an important part in justifying any decision 
to acquire a reactor, will find the technical informa- 
tion disappointingly elementary and of little assist- 
ance. Supporting references to the literature are not 
adequate to compensate for this deficiency. 

The chapters on legal aspects and radiation protec- 
tion are more helpful, because they present less com- 
monly known but necessary information in condensed 
form, and these chapters place a very appropriate 
stress on the serious, important considerations of ade- 
quate radiation safeguards. 

It is important at this time that extensive use and 
improvement of research reactors be stimulated. This 
book represents a timely step in the right direction, 
but falls short of meeting the need. It will perhaps 
best serve by stimulating the interest of nontechnical 
people. 

R. D. Hunroon 
National Bureau of Standards, Washington, D.C. 


A Text-Book of Macro and Semimicro Qualitative 
Inorganic Analysis. Arthur I. Vogel, Longmans, 
Green, New York—London, ed. 4, 1954. xv + 663 pp. 
Tilus. + plate. $4.50. 


This excellent volume represents an extension and 
modernization of the third edition (1945). In the first 
chapter (a long one) the author presents a very thor- 
ough coverage of all the background theory required 
for qualitative analysis and a large amount applicable 
to quantitative analysis as well. Many numerical prob- 
lems are worked through in detail, and the Brénsted- 
Lowry treatment of acids and bases is used and ap- 
plied to the hydrated ions of salts. Activity coefficients 
and their applications are briefly discussed. 

Semimicro and macro techniques are thoroughly dis- 
cussed in the second chapter, which contains many 
illustrations of apparatus and their use. In particu- 
lar, attention might be called to page 187, which con- 
tains a nicely balanced photograph of all the semi- 
micro apparatus needed by the student. Following this 
are chapters on reactions and analytic procedures for 
cations and anions, including the use of organic re- 
agents. For the latter, sensitivity and concentration 
limits are given. One might wish that the molecular 
equations used in these chapters had been replaced by 
ionic equations, but the former were probably retained 
to conserve space (the author asks the student to use 
ionic equations in his notebook). 

Chapter 5 does not seem to be needed, for it is given 
over to systematic macro qualitative analysis for ele- 
mentary students, and the same material is extended 
and developed in Chapters 6 and 7, dealing with sys- 
tematic qualitative inorganic analysis; separations are 


made conventionally with hydrogen sulfide. Later 
chapters deal with procedures for the removal of in- 
terfering organic acids, silicates, borates, fluorides, 
and phosphates. A comprehensive chapter on the 
chemistry of the less common elements is followed by 
a very useful though short chapter on paper chroma- 
tography and its application to group separation and 
identification of ions by Ry values. 

The author is head of the chemistry department, 
Woolwich Polytechnic, London, but the book appears 
to have been written in the hope that it would find 
service in American schools as well as British. Names 
and addresses of manufacturers of instruments, both 
in the United States and in Europe, are often given, 
occasionally, with the advantages or disadvantages 
of one make over the other. British spelling is used 
throughout, and American teachers considering the 
book for adoption will have to consider this feature, 
along with the European convention (opposite sign) 
used in electrode potentials (this is not to say that all 
American authors are in agreement on this point). 
Opposed to these features is the obvious fact that the 
book appears eminently teachable, and that any stu- 
dent familiar with this work will have a very sound 
background in inorganic and analytical chemistry. 

Evans B. 
Department of Chemistry, 
The Johns Hopkins University 


Laboratory Instruments. Their design and appliea- 
tion. A. Elliot and J. Home Dickson. Chemical 
Publ., New York, 1953. 414 pp. Illus. $7.50. 


This book consists of 16 chapters that cover in a 
limited way some of the problems of instrument build- 
ing. Most of the chapters are only a few pages long; 
the authors devote most of the space to glass and 
optics. The chapter on glass contains more generally 
useful information than is usually found in one place. 
An attempt is made to include United States trade 
names for glasses and glass-working compounds. The 
chapter on lenses, mirrors, and prisms is so condensed 
that it is difficult to use without considerable prior 
knowledge of the subject. The numerous illustrations 
of lens, mirror, and prism arrangements, as well as 
tabulations of the properties of some types of lenses, 
could well be a source of “suggestion” to a designer of 
an instrument requiring a few optical parts. The treat- 
ment of subjects other than optics is superficial, and 
at times hardly more than a statement that the subject 
matter exists. The bibliography is principally of arti- 
cles available only in Great Britain or in large United 
States libraries. British names, such as screw head, 
would be confusing to United States designers. The 
book as a whole is hardly a complete enough discus- 
sion of laboratory instruments to be useful for either 
instruction or reference. 

Donato E, WILLIAMSON 
Williamson Development Co., 
West Concord, Massachusetts 


22 Ocroper 1954 


661 


- 
42 
he 
Hy 
‘ 
x 


Paper Chromatography for Identifying 
Air Pollutants 


Bernard D. Tebbens and Jack D. Torrey 


School of Public Health, 
University of California, Berkeley 


During the first months of 1953, six samples of 
particulate material in outdoor air were obtained by 
filtration to determine the efficacy of paper chroma- 
tography for detecting pollution components. This 
preliminary report indicates a possible use of a rela- 
tively simple microanalytie tool for that purpose. Of 
greater interest is the accrued evidence that a deriva- 
tive of acetic or formic acid in particulate form is 
characteristic not oily of the San Francisco Bay-Area 
air pollution but also of the effluent gases of several 
types of combustion. 

The air-sampling station was on the roof of a three- 
story campus building. Samples of particulate mate- 
rial were obtained by drawing a large volume of air 
on each of 6 days through 15-cem circles of Whatman 
No. 40 filter paper. Figure 1 shows sample volumes 
and the resulting paper darkening caused by air con- 
taminants. Since a preliminary interest concerned the 
possible presence in the contamination of lower fatty 
acids, a chromatographic method of Kennedy and 
Barker (1) was adopted. 

In preparation for chromatography, the filters were 
extracted with dry ether, in some cases in a soxhlett 
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Fig. 1. Portions of Whatman No. 40 filter papers on 
which aerosol samples were obtained, each on a different 
day during daylight hours. The samples are numbered at 
the left; their volume (ft*) is shown at the right. Samples 
1 and 2 were taken in January, samples 3 and 4 in March, 
and samples 5 and 6 in May. 
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apparatus, in others by overnight steeping at room 
temperature. The ether extracts were evaporated at 
room temperature to 15 ml, and then made to 25 ml 
with ammonia-saturated cther. This solution was evap- 
orated to a small volume for application to the paper. 
The developing liquid was 95 percent ethyl alcohol, 
¢ontaining 1 ml per 100 ml of aqueous ammonia. After 
developing the samples by the ascending technique on 
Whatman No. 1 paper, the paper was dried for about 
1 hr in air and then sprayed with the bromphenol blue 
indicator described by Kennedy and Barker (1). 
With each sample, a standard containing equal 
weights of formie, acetic, propionic, and normal 
butyric acids as the ammonium salts was developed. 
Using as little as 20 wg of the mixed standard, a sepa- 
ration of the several acids was obtained, except that 


Fig. 2. Sketch of devel- 
oped chromatogram. Elon- 
gated comets show spread 
of fluorescence. 
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507 SAMPLE SAMPLE 

STANDARD 1 2 
formic- and acetic-acid spots nearly coincided at Ry 
0.31 to 0.35. Figure 2 is a sketch of the separation 
achieved with samples 1 and 2. 

In samples 1 to 4, acetate or formate was present. 
From spot-size comparison, the air concentration of 
equivalent acetate was estimated as follows: sample 1, 
1 ug/m* of air; sample 2, < 0.5 ug/m*; sample 3, 
< 0.5 ug/m*; and sample 4, < 0.5 ug/m*. 

In no sample was an acid radical higher than the 
acetate detected. Under ultraviolet light an unidenti- 
fied fluorescing material, in addition to the acid, ap- 
peared in each sample. Distribution of this fluores- 
cence, which persisted 1 yr later, is indicated in Fig. 2. 
No acid was found in samples 5 and 6, although some 
fluorescing material was noted. These two samples, 
and especially sample 6, were appreciably less dark 
than the others (2). 

Thus, a lower fatty-acid radical, detectable by chro- 
matography, was present in several characteristie¢ air- 
pollution episodes (3). This suggests that a relatively 
simple method of determination may be used to define 
the presence or absence of “smog.” Reduction of visi- 
bility is not necessarily a criterion, since such an effect 
may be simply the result of water condensed on nor- 
mally present nuclei. 

It did not seem likely that either acetate or formate 
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was present as the relatively volatile acid. Several lab- 
oratory experiments were run, filtering concentrations 
of acetic-acid or formic-acid vapor, readily detectable 
by odor, through Whatman No. 40 filter paper. In no 
ease was acid recovered from the filter paper treated 
in the same manner as described previously. This was 
true even when carbonaceous smoke, made by incom- 
plete combustion of benzene, was present in the mix- 
ture that was filtered. 

It is possible that the acid radical found in the air 
samples was in the form of fine particles of one or 
more salts. Several acetates, including those of lead, 
calcium, sodium, copper, and magnesium, were pre- 
pared individually in solutions such that 0.1 ml eon- 
tained 50 ug of acetate. Each of these preparations 
was evaporated to dryness and then taken up in ether 
saturated with ammonia, the latter solution being 
treated by the same chromatographic technique. In 
each case, nearly quantitative separation of acetate 
was achieved by spot-size comparison with a known 
standard solution. This indicates that any one of sev- 
eral acetate salts could have been present in the air 
samples and identified by the analytical procedure 
employed. 

Since combustion seemed a possible source of the 
acid component detected in polluted air, the cooled 
gases from a number of combustion processes were 
sampled by filtration, either with Whatman No. 40 
filter paper or with double-thickness extraction thim- 
bles. The filters were dried at temperatures up to 
100°C before analysis. 

The gases thus sampled included engine exhaust of 
a relatively new automobile operating at idling speed 
(61 ft*, showing only a trace of carbon); stack gas 
from an incitierator burning sawdust and a small 
amount of biological residues at a high temperature 
(10 ft*, showing negligible free carbon and some finely 
divided fly ash); flue gas from a 75,000 Btu/hr nat- 
ural-gas furnace (20 ft*, showing no trace of carbon) ; 
and stack gas from a wood-burning fireplace (20 ft’, 
showing appreciable carbon). From each of these com- 
bustion sources particulate acetates or formates were 
chromatographically separated in the following rela- 
tive amounts: automotive exhaust, < 300 ng/m*; in- 
einerator, < 300 ug/m*; gas fire, < 3000 ng/m'; 
wood fire, > 3000 ng/m*. There was no acid higher 
than acetic in any of the samples. Additionally, 18 ft* 
of natural gas contained no filterable acetate or for- 
mate. From each of these sources, except raw natural 
gas, a fluorescent, oily material was also extracted. 

Because of the close approximation of the developed 
spots for formie and acetic acids, it cannot be said 
absolutely that all of the acidic material was one or 
the other. The spots found were at Ry 0.31 to 0.35. 
The data of Kennedy and Barker (1) show only acetic 
and formic acids at these low Ry values. Some addi- 
tional data for the same type of analysis by Nair (4) 
indicate that a number of alkoxy acids are also at 
higher Ry values than 0.35. Thus, the substances fil- 
tered out of polluted air and determined by the pro- 
cedure described are particulate one- or two-carbon 
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acid radicals. Similar components are present in the 
effluent gas from combustion of several solid, liquid, 
or gaseous fuels. Additionally, it is probable that com- 
bustion in some cases is accompanied by synthesis of 
a small amount of the nonvolatile oil aerosol that was 
noted as fluorescent material on the chromatograms. 
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Homogenizer for Continuous 
Homogenization 


Elliott S. Harris* and John W. Mehl 


Department of Biochemistry, 
University of Southern Californi.., Los Angeles 


In connection with the preparation of alkaline phos- 
phatase from the microsome fraction of intestinal mu- 
cosa (1), it was desired to prepare homogenates in 
larger quantity than could be conveniently obtained 
with the conventional Potter-Elvejhem homogenizer. 
Consequently, a modification was made to permit a 


continuous passage of the material through the homog- 
enizer. 


Fig. 1. Components of modified Potter-Elvejhem homoge- 
nizer. 


The modified homogenizer is illustrated in Fig. 1. 
The barrel was constructed from a 25-mm Pyrex igni- 
tion tube, with a 10-em length of 10-mm tubing sealed 
on one end to provide the outflow tube. The neck of a 
250-ml Erlenmeyer flask was sealed to the other end 
of the ignition tube, and the bottom of the flask was 
removed to provide a reservoir for the material to be 
homogenized. The inside of the barrel was ground with 
a metal lapping tool and Alundum powder until the 
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walls were parallel as indicated by uniform stippling. 
The pestle of the homogenizer was constructed of a 
l-in Lucite rod 4 in. long, threaded at one end to re- 
ceive a 4-in. stainless-steel shaft. The shaft was of 
sufficient length to clear the reservoir by 2 in. with 
the pestle in position. The Lucite rod was turned down 
on the lathe to a diameter 0.001 in. less than that of 
the barrel. Eight turns of a four-to-the-inch left-hand 
thread were cut into the pestle, and four grooves 1/16 
in. deep were cut longitudinally from the middle of 
the pestle to within 1% in. of the lower end. The threads 
and grooves were cut with a round-ended tool so that 
there would be no sharp angles into which the homog- 
enate could pack. The top %4 in. of the pestle was 
tapered outward from the stainless-steel shaft. Finally, 
the pestle was ground in with 220-mesh Alundum to 
give a loose fit (0.002 to 0.003 in. clearance). 

In use, the barrel was held rigidly in a vertical posi- 
tion, and the shaft of the pestle was connected by a 
length of rubber pressure tubing to a suitable stirring 
motor, The tissue to be homogenized was minced and 
suspended in two volumes of the homogenizing me- 
dium. For intestinal mucosa, 5 see in the Waring 
Blendor gave a suitable suspension. The suspension 
was then passed through the homogenizer at a rate of 
600 ml in 30 min. In order to obtain adequate homoge- 
nization, two more passages through the homogenizer 
were required, after which microscopic examination 
indicated 70 to 90 percent disruption. 

The homogenizer is obviously susceptible to consid- 
erable modification in size and detail, and could readily 
be jacketed for cooling. In addition to the work with 
mucosa, it has also been useful in preparing large vol- 
umes of liver homogenates (2). 
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New Stereotaxic Instrument for 
Use with the Rat 


Eliot Stellar* and Nelson P. Krause 


Department of Psychology and Biology Shop, 
The Jobns Hopkins University, Baltimore, Maryland 


Since the original development of a stereotaxic in- 
strument by Horsley and Clarke, a number of different 
devices for placing lesions within the brain have been 
described for use with monkeys, cats, and rats (7-5). 
Nevertheless, many fundamental difficulties remain in 
their use, particularly with the rat. The present devel- 
opment provides an instrument for use with the rat 
(6) that would offer maximal stability, accuracy, and 
ease of operation. 

The following are the major advantages of the in- 
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strument deseribed here (Fig. 1). First, the 10- by 
30-em platform A to hold the animal is mounted on 
two racks to permit movement of the animal forward 
and back or left and right under the active electrode. 
This procedure eliminates the need for racks or slides 
above the head of the animal, and thus simplifies the 
construction of the electrode carrier; more important, 
it gives clear and unobstructed access to the operative 
field. By moving the platform, the animal ean be 
placed anywhere under the active electrode over a 
range of 5.0 em in the anterior-posterior direction and 
4.0 em in the left-right direction. 

The second, and perhaps most noteworthy, advan- 
tage, is the construction of the electrode-carrier as- 
sembly. The entire carrier is mounted on a movable 
post B attached to the base of the apparatus 18 em 
in front of the ear bars. This post can be swung aside 
so that the head of the animal is fully exposed to the 
operator. When coordinates are to be determined or 
the electrode is to be placed, the post can be swung 
back and locked into position, leaving the electrode 
zeroed over the head of the animal. The electrode itself 
ean be adjusted in four ways: (i) the electrode carrier 
C can be moved vertically by a rack-and-gear arrange- 
ment over a range of 5.5 em; (ii) it ean also be ad- 
justed over a 90° are D in the anterior-posterior plane, 
giving any angular approach from 45° posterior to 
45° anterior; (iii) this anterior-posterior are, holding 
the electrode carrier, is in turn attached to a cireular 
rack FE that permits angular adjustments in the left- 
right plane, 50° each way; (iv) the post supporting 
the entire carrier assembly can be moved up and down 
on a screw F over a range of 3.5 em, and thus allows 
a second vertical adjustment of the active electrode. 

With these four adjustments, the active electrode 
can be brought directly to any target structure within 
the brain from any angle. The principle involved is 
simply to make the target the center of the hemisphere 
described by the anterior-posterior and left-right ares. 
Then, whenever the electrode-carrier is returned to 
zero, the tip of the active electrode will always be on 
the computed target, regardless of whether the ap- 
proach is from a simple or a compound angle or is 
perpendicular to the brain. 

The procedure is simple. When the active electrode 
is at the correct anterior-posterior and left-right co- 
ordinates above the target, the post is elevated far 
enough on its screw to allow the electrode to be set 
at zero and still clear the animal. The post is then 
lowered on its screw until the tip of the electrode just 
makes electrical contact with the dry dura mater. To 
prepare for the penetration of the brain for a given 
distance in order to reach a particular target, the elec- 
trode is raised above zero in excess of that distance, 
and the post is lowered on its screw by exactly that 
distance. Then, no matter at what angle the electrode 
is placed, its tip will always reach exactly the same 
target within the brain when its carrier is returned to 
zero since the target is always zero, and zero is always 
the center of the sphere that can be described by all 
angular adjustments. 
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The angular adjustments afford two other advan- 
tages: (i) In different operations, different superstruc- 
tures may be traversed on the way to the same target, 
thereby providing a control against incidental destruc- 
tion of any particular structure in the brain above the 
target. (ii) They make it very convenient to reach tar- 
gets on the mid-line without having the approach ob- 
structed by the longitudinal sinus. 

The active electrode is a wire of platinum and 10 
percent iridium coated with glass, except for 0.5 mm 
of exposed tip. The glass insulation is achieved by 
heating the platinum wire to burn off the hydrogen 
for good fusion and then inserting it into a fine glass 
tube until a little more than 0.5 mm protrudes. The 
platinum and glass are then fused carefully in a tiny 
flame and a long, fine copper wire is soldered to the 
free end of the platinum. The electrode is then 
threaded through 1-mm glass tubing until 2 em pro- 
trude, and it is secured to the glass holder by cement. 
Finally, the fused end of the electrode is ground by 
hand on a fine emery belt until it is sharpened like a 
pencil and only 0.5 mm of wire is exposed. 

The chuck G holding the electrode is taken from an 
Eversharp automatic pencil, and it is mounted in the 
electrode carrier on a ball-joint. Once the electrode is 
in place, the chuck can be positioned on the ball joint 
until the tip has been zeroed precisely. Then the ball 
joint is clamped firmly. In this process of zeroing, the 
distance that the electrode protrudes from its chuck 
is also adjusted until its tip just makes contact with 
the true zero of the apparatus, located on the platform 
exactly in the mid-line between the posts holding the 
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ear bars. An auxiliary zeroing point, well off to the 
side of the animal’s head, permits adjustment of new 
electrodes while the animal is in the apparatus. 

The current used to make lesions is supplied by a 
45-v battery. An electronic current regulator permits 
the application of any current up to 5 ma for any 
duration without fluctuations due to accompanying 
changes in the resistance of the animal. The positive 
lead of the current source is jacked into the top of 
the carrier H to make contact with the fine copper 
wire soldered to the electrode. Thus the active electrode 
is an anode, The indifferent cathode is a brass rod, 3 
mm in diameter, inserted rectally to complete the cir- 
cuit. 

The head of the animal is held in place primarily by 
means of ear bars J that slide in posts on the platform. 
The end of each bar has a small nipple J mounted on 
the wide taper of the head of the bar. To insert the 
nipples into the ears accurately, the ears are slit and 
the meatus exposed. By sliding the ear bars until their 
calibration marks show that they protrude equally 
from the posts, the animal ean be centered under the 
electrode and secured in position when the bars are 
anchored by thumbscrews K. Then the nose of the ani- 
mal is clamped between a bar L under the upper in- 
cisors and a clamp M over the nose. This nose-clamp 
assembly can be raised or lowered and moved anteri- 
orly and posteriorly to adjust the animal evenly in 
the apparatus. 

The final adjustment of the animal in the head- 
holder is made by locating the bregma with the tip of 
the electrode. The bregma is the intersection of the 
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Fig. 1. Seale drawing of 
side and back views of 
the stereotaxic instru- 
ment. 
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frontal and sagittal sutures, and it is indicated on 
Krieg’s atlas of millimetrice sections of the rat’s brain 
(7). Hence, it can be used as a reference point for 
the coordinates needed to reach any structure within 
the rat’s brain. 
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New Method of Presentation of Food 
Samples to the Hunter Color and 
Color Difference Meter 


A. P. Sidwell and R. F. Cain 


Food Technology Department, 
Oregon State Agricultural Experiment Station, 
Oregon State College, Corvallis 


In our attempts to establish the relationship between 
the color of processed fruit and vegetable products, as 
determined by the Hunter Color and Color Difference 
Meter (1) and the score given for color by the Agri- 
cultural Marketing Service inspectors, certain difficul- 
ties have arisen. The Hunter instrument only permits 
the use of products in discrete forms through multiple 


spot readings on the sample food product. These mul- 
tiple readings are time consuming. To surmount this 
difficulty, some investigators (2) have presented a 
homogenized sample to the meter. This does eliminate 
the variation induced by the various angles and inter- 
stices of the product, but it also presents to the meter 
a product totally unlike that which is viewed by the 
Agricultural Marketing Service inspector or other ob- 
servers. 

We are reporting a new approach to the problem 


MOTOR 


HUNTER COLOR METER | 


Fig. 1. Apparatus for the presentation of food samples 
to the Hunter Color and Color Difference Meter. 


Table 1. A comparison of Hunter* “L,” +a,, and +b, readings taken by three methods of sample presentation. 


Sliced Marshall strawberries 


Whole Canby raspberries 


Five Five 
Homoge- Rotated multiple Average Homege- Rotated multiple Asorage 
nized in dish spot in dish spot of 
sample readings readings 
24.6 29.2 29.6 21.7 17.9 18.6 
29.4 16.0 
Hunter 28.5 19.2 
28.4 18.8 
31.7 20.1 
30:0 19.0 
27.0 31.6 31.4 30.2 27.3 27.6 
32.7 26.9 
Hunter ] 82.9 26.0 
+ a, 28.7 28.8 
32.3 28.1 
L 30.3 28.4 
12.0 16.8 : 15.8 10.0 7.9 8.2 
16.4 7.1 
Hunter ] 15.7 8.1 
14.2 8.3 
16.7 9.2 
16.2 8.5 


*L (visual lightness) and ordinates ‘a’ and ‘‘b” are used to describe color by the Hunter system. 
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of securing a closer relationship between Hunter color 
difference measurements and Agricultural Marketing 
Service grades for color. It involves the use of a clear 
plastic dish (Fig. 1) fitted with a tight cover, the latter 
being coupled to a %4-in. shaft located vertically at 
the center of the cover. The bottom and top of the dish 
are tightly connected by means of thumbscrews 
mounted on the outside perimeter of the sides of the 
dish and extending through an aluminum plate 
mounted to the cover of the dish. The shaft is con- 
nected to a laboratory-type variable-speed electric 
motor located above the meter. This motor may, in 
turn, be connected to the power source through a 
variable-speed transformer. By proper manipulations 
of the transformer, a speed may be selected, which re- 
duces the oscillations of the galvanometer of the meter 
to a minimum and thus averages and “integrates” the 
color values of the product. The speed of turning of 
the dish is variable depending upon the nature of the 
product. 

The entire assembly is mounted off-center to the 

source of light from the meter and may be either 
directly behind or to one side of the meter to take 
advantage of the area relationships of the light from 
the meter. 
. Products to be viewed by the meter are placed in 
the dish, the cover clamped on, and the assembly con- 
nected to the motor. To prevent scratching of the 
meter “viewing” plate, the assembly is raised approxi- 
mately 3/16 in. above the plate. This causes no change 
in the readings. 

Typical results by the three methods of sample pre- 
sentation are shown in Table 1. This method is readily 
adaptable to use with other types of reflection meters. 
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Improved Homogenizer for 
Plant Tissues 


David E. Schlegel and T. E. Rawlins 


Department of Plant Pathology, 
University of California, Berkeley 


An improved homogenizer suitable for rapid homog- 
enization of small samples of plant tissue has been 
designed. This apparatus combines the advantages of 
the conical form used by Takahashi (1) and the plastic 
pestle described by Brendler (2). The conical form of 
pestle and mortar is advantageous because the pestle 
continues to fit tightly in the mortar after wear. The 
plastic pestle has been found to be more satisfactory 
than glass since the former is essentially unbreakable 
and very easily made in any laboratory. 

The mortar is a 12-ml heavy-walled, conical centri- 
fuge tube. This tube should be carefully selected for 


22 OcropEer 1954 


uniformity of taper and absence of irregularities and 
defects in the conical tip. If desired, a pouring lip may 
be added by the usual glassworking techniques. 

The pestle was made by pouring about 1.8 ml of a 
mixture of monomeric methyl methacrylate and a cata- 
lyst into the centrifuge tube; the pestle shaft was sus- 
pended in this mixture and polymerization allowed to 
take place. The liquid methyl methacrylate (3) con- 
tained an inhibitor, 0.006 percent hydroquinone, which 
was removed by three extractions with approximately 
0.5N NaOH and three extractions with distilled water 
The water remaining in the methyl methacrylate was 
removed with CaCl,. 

Lupereo CDB (4) was used to catalyze the polymeri- 
zation of methacrylate. This catalyst, which is a mix- 
ture of equal parts of 2,4-dichlorobenzoyl peroxide 
and dibutyl phthalate, was used at a concentration of 
approximately 250 mg/25 ml of methyl methacrylate. 
To prevent the plastic from adhering to the centrifuge 
tube, the inside of the tube had previously been coated 
with a soap film and dried thoroughly. The shaft por- 
tion of the pestle was a 15-cm length of steel piano 
wire 3/32 in, in diameter. The portion of the shaft to 
be embedded in plastic was deeply notched by means 
of a file to provide a slip-proof union with the plastic. 

The shaft was pushed through the exact center of a 
No. 4 tapered cork stopper. The stopper supporting 
the shaft was inserted in the centrifuge tube, and the 
shaft pushed down about 1% in. into the liquid plastic. 
The shaft was then centered in the plastie by carefully 
manipulating the cork, and the entire unit was put in 
an oven at 40 to 45°C and left 3 days for polymeriza- 
tion. 


Fig. 1. Glass mortar 
(left) and plastic pestle 
with steel shaft (right). 
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Since there was some shrinkage during the curing 
process, a small amount of refitting was necessary. 
This was accomplished by inserting the free end of 
the shaft in the chuck of a heavy-duty stirring motor 
and holding a strip of sandpaper against the tip of 
the rapidly turning pestle. Slight touches of sand- 
paper against the other high points on the pestle soon 
resulted in a good fit, preferably somewhat tighter at 
the shoulders than at the tip. The final fitting was ac- 
complished by pouring a suspension of carborundum 
powder in water into the tube, inserting the pestle, and 
rotating the pestle at medium speed in this mixture. 
The carborundum served two purposes. It completes 
the fitting and removes the glaze from the mortar wall. 
This latter step strikingly increases the efficiency of 
the homogenizer. 

If desired, a spiral groove may be cut into the pestle 
from the shoulder to the tip in such a direction that 
the rotation of the pestle tends to carry the homoge- 
nate to the bottom of the mortar. The complete homog- 
enizer is shown in Fig. 1. 

This motor-driven homogenizer works best if sample 
sizes are kept to 500 mg or less. A 300-mg sample of 
leaf disks from the interveinal area of tobacco leaves 
ean be completely macerated in about 30 sec. This 
homogenizer has been found to be very durable, and a 
large number of samples may be homogenized with a 
minimum of refitting. It is assumed that it would be 
equally effective for macerating animal tissues. 
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New Techniques for the Study of 
Restoration of Compacted Soil 


Murvel R. Garner and David Telfair 


Department of Biology and Department of Physics, 
Earlham College, Richmond, Indiana 


About 5 years ago we (1) visited an airport where 
investigations were being made on methods of main- 
taining soil in a compacted condition for a firm land- 
ing strip. It appeared then that even firmly compacted 
soil eventually becomes restored to its normal struc- 
ture. Compaction of soil that is caused by farm ani- 
mals and machinery may persist for years, but it also 
is known to disappear in time. The effects of physical 
factors—wetting and drying and freezing and thaw- 
ing—and the effects of bacterial and fungal growth 
on the soil structure have been subjected to some in- 
vestigation. In contrast, the specific effects of ani- 
mals in the restoration of deteriorated soil have had 
less attention. 

These facts suggested a study of the relationships 
among the various physical and biological factors in 
the restoration and maintenance of soil structure. First 


Fig. 1. Core with alfalfa meal additive, exhumed after 
4 mo. Most of the original core had been removed by 
earthworms. Light-colored material from the core had 
been deposited as casts throughout the adjacent region. 


we sought to devise satisfactory methods for destroy- 
ing the structure of soils. In an exploratory series of 
experiments, surface soils from a fertile garden and 
from an old compost heap were mixed with water into 
thin mud and molded into cores in 1-pt paper cartons. 
These cores were removed from the cartons, air dried, 
and buried just below the surface near the places from 
which the soil was dug. In the course of a winter the 
cores literally disappeared as compacted objects. Wet- 
ting and drying, freezing and thawing, and extensive 
tunneling by earthworms and other animals all seemed 
to be factors in the structural restoration. 

In a second series of experiments, soil of lower or- 
ganie content from the B horizon of Miami silt loam 
of a badly eroded garden, was mixed with water and 
molded into cylindrical cores of about 3.5 in. by 3.5 in. 
in diameter and in height. These core dimensions have 
become standard for all our experiments. The cores 
were buried to a depth of 3 in. in three separate 
sites: (i) a dense woodland, (ii) the garden from 
which the soil was taken, and (iii) an old field that 
had not been cultivated for 10 yr. After 2 yr the cores 
in the woodland were little changed. There was little 
penetration by roots and almost no evidence of shrink- 
ege cracks or tunneling by animals. The forest ap- 
peared to have insulated the cores from the severé 
effects of moisture and temperature changes. In con- 
trast, the cores buried in the two open areas showed, 
after 1 yr, many horizontal shrinkage cracks and some 
vertical ones. The cores in the old field, after 1 yr, had 
been pierced by the roots of grasses and weeds. There 
was some tunneling by wireworms. Platy structures 
had developed, with fungi growing on the surfaces of 
the plates. Nematodes, mites, and collembolans were 
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active in the cracks in the cores. In a few instances, 
ants had penetrated the larger cracks and had en- 
larged the spaces by nibbling at the fungi on the soil 
faces. The cores in the eroded garden were less af- 
fected hy roots, fungi, and small animals than the 
cores in the old field. 

As a result of these observations, a third series of 
cores was prepared from soil of even lower organic 
content, from the B, horizon of Crosby silt loam. One 
set of control cores was made by adding only water to 
the soil; to a second set, inorganic fertilizer and suffi- 
cient lime to bring the pH to neutrality were also 
added; to a third set, alfalfa meal was added; and to 
a fourth set, the insecticide, chlordane, was added. 
These cores were buried in late May and early June in 
two sites, a woodland and an open field, both of Crosby 
silt loam. All were buried at 1-ft intervals 5 in. beneath 
the surface, the types being distributed by a standard 
randomized formula. Half of the cores in the field 
were given clean surface cultivation, and the remainder 
were sodded over by grass that was clipped regularly. 

The most rapid transformations oceurred in the 
alfalfa-meal cores (Fig. 1) that were buried in the 
open field. Molds and bacteria grew quickly through- 
out the mass of the cores. In a few weeks the initial 
aggregate stability (as determined by the 8.C.S. modi- 
fication of the Yoder wet-sieving technique) had in- 
creased from about 20 to nearly 100 pereent. There 
was little change in volume from wetting and drying. 
Earthworms ingested the material of the cores from 
all sides, so that within 3 mo some of them had the 
appearance of almost-eaten apples. Worm casts from 
the cores were recognizable for several inches in all 
directions. The nature and extent of the worm tunnels 
was recorded by making latex casts of the voids by a 
process developed earlier (2). Ants and microarthro- 
pods were active on the eroded surfaces of the cores. 


Fig. 2. Core with no additive, exhumed after 4 mo. The 
shrinkage cracks and exfoliated structure are the results 
of alternate wetting and drying. 
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At the end of the first summer the remaining three 
types of cores in the open field showed relatively little 
change except for the development of horizontal 
shrinkage cracks with platy structure (Fig. 2). Their 
aggregate stability continued to be very low. Fungi 
developed to some extent on crack faces. Some nema- 
todes, mites, and collembolans were found. 

The cores of the various types buried in the forest 
soil underwent less transformation than their repli- 
eates buried in the open fields. We were surprised by 
the low level of faunal activity. The full implication 
of this phenomenon requires further study. 

These experiments indicate that the restoration of 
compacted soil occurs in orderly processes that vary 
widely according to location and organic content. 
Cores rich in organic matter and buried in open areas 
develop a mass stability that retards the formation of 
shrinkage cracks. However, earthworms ingest large 
quantities of the soil and fungi, thus mixing the mate- 
rial of these cores with the surrounding soil. Cores 
low in organic matter lack this stability and develop 
extensive cracks into which roots may penetrate. Fungi 
developing on the interfaces may be eaten by micro- 
arthropods, with possible subsequent enlargement of 
the spaces. 

Recognition of further details of the restorative 
process may be expected as the experiment continues. 
We believe that the techniques of preparing and bury- 
ing standardized cores of soil, compacted by puddling 
and variously treated to attract or repel organisms, 
offer a means of studying the processes of change in 
soil structure through the interaction of physical and 
biological factors that will be useful in many aspects 
of soil research, 


References and Notes 


1. An interdepartmental team at Earlham College is carry- 
ing on a project in soil research under a grant from 
Charles F. Kettering and the Kettering Foundation. 

2. M. R. Garner, Science 118, 380 (1953). 


21 May 1954. 


New Design of Ultrafiltration Apparatus 


Robert Blum and Gail Lorenz Miller 


Pioneering Research Laboratories, 
U.S. Army Quartermaster Corps, 
Philadelphia 45, Pennsylvania 


Ultrafiltration is superior to other methods for the 
coneentration of colloidal solutions in that it (i) avoids 
the denaturing action of precipitating agents or heat, 
(ii) provides for removal of salts as well as solvent, 
(iii) assures essentially quantitative recoveries of the 
colloids, and (iv) requires little attention from the 
operator. A new apparatus for this purpose, similar 
to a filter press in design, is described in this paper. 
This apparatus is versatile with respect to capacity 
and does not require disassembly for collecting the 
concentrates. With its aid we have readily sueceeded 
in obtaining up to 94-fold concentration of large vol- 
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Fig. 1. Schematic diagram of assem- 
bled ultrafiltration apparatus. Filter 
unit is shown in exploded view: A, 
reservoir (3) ; B, level gauge; C, reser- 
voir inlet; D, compressed gas inlet; EZ, 
end plate; F, rubber pad; G, Cell; H, 
membrane (4) ; J, filter paper (5); J, 
filter plate (6); K, manifold; L, re- 
ceiving flask (7) ; M, concentrate tap; 
N, air bleeder; O, screw clamp. 


umes of various fungal enzyme preparations. Few ap- 
paratus have previously been described for ultrafiltra- 
tion on a large seale (1, 2). 

The assembly (Fig. 1) consists principally of a 
reservoir A, a multiple filter unit ZH-K, and a receiv- 
ing vessel L. The filter unit is made up of any desired 
number of cells G separated by semipermeable mem- 
branes H, double layers of filter paper J, and Alun- 
dum filter plates J, in the order shown. The cells con- 
sist of Plexiglas rings fitted with threaded Plexiglas 
nipples, as specified in Fig. 2. The nipples are sealed 
into opposite edges of the rings with Duco cement. 


— 132" 


| CONCENTRIC 
GROOVES 1/32° 

: DEEP, 1/32" 
5 BETWEEN 
RIDGES 


Fig. 2. Details of Plexiglas cell. 


The flat surfaces of the cells are grooved as indicated 
to improve the seals with the semipermeable mem- 
branes. The different elements of the filter unit are 
clamped together by means of 12 14-in. bolts passing 
through 44-in. brass plates F at the ends. The openings 
in the cells are connected in parallel through manifolds 
K at the top and bottom. The manifolds consist of 
2-mm capillary T-tubes, connected by means of cloth 
insert rubber tubing. Screw clamps O are introduced 
at various points in the system to facilitate filling and 
emptying the apparatus. 

The apparatus is filled with the dilute colloid solu- 
tion to be concentrated by first siphoning the solution 
through the lower manifold into the receiving vessel 
and the cells, displacing all air in these parts of the 
system. The bulk of the solution is then introduced 
through inlet C into the reservoir. Pressure is applied 
from a tank of compressed nitrogen connected to inlet 
D, foreing the water and other dialyzable materials 
through the membranes and filter plates. The filtrate 
drips from the edges of the plates into a suitable pan 
or trough. The contents of the cells are continuously 
replaced by the solution from the reservoir, which 
enters the cells through the upper manifold. The non- 
dialyzable colloidal materials are held back at the sur- 
faces of the membranes where they form concentrates 
of relatively high density. The concentrates flow by 
convection through the lower manifold into the receiv- 
ing vessel. The uneconcentrated solution which is dis- 
placed from the receiving vessel flows into the cells 
through a connection from the top of the receiver to 
the upper manifold. When all the dilute colloid solu- 
tion has been forced out of the reservoir, the pressure 
is relieved, and the highly concentrated material in the 
receiving vessel, as well as the less concentrated con- 
tents of the cells, are finally collected through tap M. 
After use, the apparatus is cleaned by rinsing and by 
forcing water through the membranes and filter plates. 
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It is then stored at 5°C with the cells filled with water 
and without disassembling. 

In a typical test, 17,800 ml of dilute fungal enzyme 
preparation were concentrated to yield 170 ml of con- 
centrate in the receiving vessel and connecting tubes 
and 632 ml in the cells and manifolds. The operation, 
earried out at 5°C, required 5 days with an 8-cell unit. 
The material in the receiving vessel was found to con- 
tain 49 percent of the original enzyme, concentrated 
51-fold; the material remaining in the cells contained 
39 percent of the original enzyme, concentrated 11- 
fold. About 5 percent additional enzyme was recovered 
in rinsings. 

The effects of volume filtered and of pressure used 
on the rate of filtration of distilled water and on the 
rate of filtration of a fungal enzyme preparation are 
shown by the sample data plotted in Fig. 3. The rate 
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Fig. 3. Effects of volume filtered and of pressure on rate of 
filtration. Open circles and dotted lines represent data for 
distilled water ; solid circles and solid lines represent data 
for enzyme solution, Numbers above lines represent pres- 
sures (lb/in.*). Tests were made at 5°C with an 8-cell unit. 


of filtration of distilled water remained constant re- 
gardless of the volume filtered. Furthermore, an ap- 
proximately linear relationship obtained between the 
pressure and the filtration rate. The rate of filtration 
of the enzymes preparation decreased, however, as the 
volume filtered was increased, and in this case a linear 
relationship was no longer maintained between the 
pressure and the filtration rate. 

The decrease in the filtration rate of the fungal en- 
zyme preparation was caused by the accumulation of 
colloidal concentrate near the membranes and by the 
formation of an insoluble film on the surfaces of the 
membranes. Partial restoration of the filtration rate 
was brought about when the accumulated concentrate 
was removed by draining the cells. Final restoration 
was effected by removing the insoluble film, which was 
accomplished by partially filling the cells with water 
and shaking the apparatus vigorously. 

Some accumulation of colloidal material at the mem 
branes resulting in a loss in filtration rate, appears to 
be unavoidable. It is probably minimal, however, in 
this new apparatus since the membranes are mounted 
vertically rather than horizontally and the convective 
process continuously removes most of the colloid from 
the neighborhood of the membranes. 
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Adaptable Time Switch 


F. Munger 


U.S. Department of Agriculture, 
Agricultural Research Service, 
Entomology Research Branch, W bittier, California 


In experiments with the citrus red mite (Metatet- 
ranychus citri McG.) it beeame necessary to spray 
water at frequent intervals on infested lemons as they 
revolved on a turntable. The time schedule called for 
48 sprays of 4-min duration at 15-mm intervals each 
day. Since there was no inexpensive time switch avail- 
able that would control the necessary solenoid air valve 
and the turntable motor with this frequency, a special 
time switch was constructed, which may be useful in 
other types of scientific work. 

This device (Fig. 1) consists of a revolving paper 
disk A attached to a clock B. Perforations are made 
in the disk and so placed that silver contact points D, 
otherwise held apart by the paper, make contact at 
the required times. A 24-hr recording thermometer 
chart approximately 91% in. in diameter is a satisfaec- 
tory disk. 

The switch mechanism C is composed of two spring 
brass strips Z, approximately 4 in. wide and 21% in. 
long, each fastened at one end to an insulating wooden 
or plastic block F. To the free ends are soldered two 
rounded silver contact points D, which are held in on- 
tact by slight tension of the brass strips. To prevent 
damage to the points, an electromotive foree of not 
more than 10 v is used. This current is supplied by the 
transformer G, which is connected in series with the 
coil of relay H. This relay (1) is a high-capacity sen- 


Fig. 1. Below, parts and wiring diagram of time switch. 
Above, enlarged sectional view of switch mechanism C. 
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sitive type that utilizes a mereury tube and controls 
the power circuit for the solenoid valve I, for the 
atomizer, and for the turntable motor J. 

The clock B (either mechanical or electrical) is the 
type ordinarily used to turn on and off lights of sign- 
boards or chicken houses, and makes one revolution 
per day. Other rates may have to be provided for spe- 
cial work. On the clock selected no nonremovable parts 
should extend beyond the plane of the dial to interfere 
with the attachment of an extra dial (not shown) ap- 
proximately 6 in. in diameter. This extra dial, which 
supports the paper disk, may be of thick Lucite or 
other plastic material. After the hand has been re- 
moved from the clock and a hole has been drilled in 
the center of the plastic dial to prevent interference 
with the center bolt L, the extra dial is fastened to the 
regular dial by means of two bolts K, which are in- 
serted from beneath through holes of the regular dial 
and into tapped holes of the extra dial. These bolts are 
long enough to accommodate thumb nuts for fastening 
the perforated disk. If the controlled circuit is to be 
on for longer periods of time than it is off, perfora- 
tions might better be provided for the off- instead of 
the on-time and the action of the relay reversed by 
turning the mereury tube end for end. 

This apparatus has been in continuous operation 
for 10 mo, during which time it has satisfactorily con- 
trolled a solenoid valve and a small motor in accord- 
ance with prescribed schedules. 


Reference 
1. R. A. Fulton and F. Munger, Science 104, 373 (1946). 
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Apparatus for Producing Drops 
of Uniform Size* 


A. C. Rayner 


Forest Biology Division, Science Service, 
Department of Agriculture, Ottawa, Canada 


H. Hurtig 


Suffield Experimental Station, 
Ralston, Alberta, Canada 


During the course of investigations into the effect of 
insecticides that are topically applied to insects, an 
apparatus for producing drops of uniform size in the 
range 70 to 400 u in diameter was devised. 

Various devices have been developed to produce 
uniform free drops. Dimmock (1) vibrated a glass 
capillary at its resonance frequency electromagneti- 
cally. Vonnegut and Neubauer (2) employed a similar 
method but excited the capillary with an air blast, and 
more recently they (3) produced monodisperse liquid 
particles by electric atomization. Davis (4) described 
an apparatus that employs a vibrating blade to detach 
drops from liquid feeding through a stationary ecapil- 
lary. Of these devices, Davis’ apparatus offered the 
most promise. However, the results of attempts to 
adapt a model to toxicological experiments were un- 
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satisfactory because of amplitude fluctuations in the 
vibrating reed. These fluctuations were apparently 
caused by variations in line frequency and volt- 
age. The apparatus described here (Fig. 1) resolves 
this difficulty and incorporates additional improve- 
ments (5). 


OK 

LN 


Fig. 1. Vibrator unit for production of drops of uniform 
size. 


A coping saw blade A has its free end shaped to a 
point and sharpened at the edges. The blade tip is 
twisted so that it lies in a horizontal plane. Clamp C 
allows vertical and longitudinal adjustment of the 
blade. An electromagnet E-M is bolted to table D so 
that its distance from C may be varied. It is made up 
of a U-shaped, laminated iron transformer core, 
wound with about 4000 turns of No. 32 Formex-insu- 
lated copper wire. The liquid feed assembly F consists 
of a separatory funnel with a 27-gage hypodermic 
needle fitted to the tip. The assembly is held by clamp 
G, which may be positioned by micrometer adjust- 
ments. 


TO FILAMENT“ 
LEAD 


Fig. 2. Electronic cireuit (6) for controlling vibrator. 
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The emf impressed across the electromagnet was 
made available throughout the frequency range 10 to 
100 ey/see by using a 6SJ7 tube in a phase-shift 
oscillator circuit (Fig. 2). An almost pure sine-wave 
output with good frequency stability is obtained. The 
amplitude is controlled by potentiometer R,. Adjust- 
ment of R, gives variable frequency operation; R, 
provides fine control for locating the exact resonance 
frequency of the blade. The electronic circuit is fed 
from a constant voltage transformer and incorporates 
a voltage regulator stage V,. 

To operate the apparatus, the oscillator is tuned to 
the resonance frequency of the blade, and adjustments 
are made so that the vibrator tip cuts through the 
liquid that accumulates just above the needle tip. The 
@uplitude of vibration is adjusted until two streams 
of drops are thrown off, one on each side of the needle 
tip. A light focused on one of the streams renders it 
visible. Any splash eaused by liquid feeding back along 
the vibrating blade tip and being thrown off must be 
shielded out to avoid interference with the drop 
stream. 

The size of the drops emitted depends chiefly on the 
rate of flow of the liquid. The frequency of the vibra- 
tor and the amplitude of the vibrating tip govern 
drop size to a lesser extent. To determine drop size, 
the frequency of generation was determined by means 
of a stroboscope, and the drops formed over a period 
of time were weighed. The mass per drop was calcu- 
lated and converted to volume per drop through a 
density factor. Work so far has been confined mainly 
to oil solutions. The stains resulting from the con- 
tact of the drops with various surfaces may be made 
visible by dyeing the solution. 

The action of the vibrator in producing drops may 
he seen by using a stroboscope. The blade tip emerges 
from the liquid, drawing a filament of the liquid after 
it. The filament then detaches itself from the main 
body of the liquid and follows in the wake of the 
blade, becoming spherical in shape and moving out- 
ward and downward from the needle tip. 

The apparatus was developed primarily for use in 
insect toxicology, particularly for the topical appli- 
cation of drops of insecticidal solution to insects. How- 
ever, it has since been found useful in other ways, for 
example (i) to deliver precisely measured small 
amounts of liquids, and (ii) as a calibration tool in 
insecticide spray work. Dye tracers in airplane spray 
experiments produce visible stain patterns on sam- 
pling surfaces. Determination of the exact relation- 
ship between stain size and drop size adds greatly to 
the precision of spray deposit assessments. 
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5. The assistance of F. BE. Owen, Dntomology Section, and 
W. L. Clink, Physics and Meteorological Section, of the 
Defence Research Board, Suffield Experimental Station, is 
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6. List of circuit components: C,, C,. 0.001 uf mica ca- 
pacitor: C,. 0.5 pf paper, 600 v; C,, 6.1 uf paper, 600 v; 
C,. C,. 16 uf electrolytic, 450 v: C,, 32 uf electrolytic, 450 
v; SW-SPST switch: F, fuse, 1 amp: P, pilot lamp, 110 
v: V,. 6SJ7 tube: Vy V,, GV6-GT; V,. 6X5-GT; 
vk-150: 1,. filter choke, Hammond ‘No. 152: L, filter 
choke, Hammond No. 156; R,, frequency control. 3-gang 
potentiometer, 10 megohm per section ; 2, frequency con- 
trol, potentiometer, 0.5 megohm R,, R,, 1 megohm 0.5 
w: 0.47 megohm, 0.5 w; 2.2 megohm, 0.5 w: 
amplitude control, potentiometer, 1 megohm; R,, 15, 
ohm, 10 w: &,. R,,, 68,000 ohm, 1 w; T,, power trans- 
former, 310-0-310 v rms, 70 ma. 
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Semiautomatic Device for 
Washing Tissues 


Harry Monsen and Ralph F. Bouldin 


Department of Anatomy, College of Medicine, 
University of Illinois, Chicago 


The semiautomatic wash rack to be described was 
developed (1) in this laboratory to facilitate the 
handling of tissue specimens that require prolonged 
washing after fixation. The apparatus stops fixation 
and initiates washing at any desired hour of the day. 

The rack (Fig. 1) is constructed of two sheets of 
14-gage stainless steel, 154 by 5% in. after flanging, 
A and B, the upper sheet A being perforated with 16 
holes of 14-in. diameter. The holes are spaced 2 in. 
apart from center to center lengthwise and 3% in. 
apart from center to center across. The sheets are 24 
in. apart, and they are held in position by upright 
pieces of stainless steel, C 6 by 34 by \% in., which are 
silver soldered at the center line of the ends of the 
sheets. 


Fig. 1. Apparatus for semiautomatic wash rack. 
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The upright straps also serve to support a standard 
14 in. brass pipe D into both sides of which, at inter- 
vals of 134 in. center to center, a 34-in. length of 14-in. 
stainless-steel tubing F is silver soldered. 

An electrically controlled valve F (2) is connected 
to the water-supply line and mounted at the center of 
the standard 14-in. brass pipe. It is recommended that 
a vacuum breaker be installed in the water-supply line 
to obviate any possibility of back syphonage. 

The valve is connected to a “time clock” G (listed 
in most scientific catalogs) which is set to turn the 
water on at the end of the desired periods of fixation 
and to turn the water off when washing is completed. 

For fixation, properly identified tissues are placed 
into Moss Embedding Bags (3) that are inserted into 
vials. The water outlet for each vial is fitted with rub- 
ber tubing, and a glass spout extends from the tubing 
into the vial. 

The design of the wash rack may readily be modified 
to meet the needs of individual laboratories. — 


Notes 


1. We wish to express appreciation to Edwin Herskind, In- 
stitute of Tuberculosis Research, who constructed the 
apparatus to our specifications. 

2. Skinner Valve No. 5-6260, 115 v, 60 cycles. 

8. A. 8S. Aloe Co., No. 64690. 
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Versatile Anaerobic Spectrophotometer Cell 


Arnold Lazarow* and S. J. Cooperstein 


Department of Anatomy, Western Reserve University, 
School of Medicine, Cleveland, Obio 


This paper describes an anaerobic cell that is similar 
to the Thunberg tube but permits the measurement 
of reaction rates in the Beckman Model DU Spectro- 
photometer. Strict anaerobiosis is obtained by bub- 
bling oxygen-free N, or helium through the cell in a 
manner similar to that described by Singer and Kear- 
ney (1). The visible absorption spectrum can be meas- 
ured under anaerobic conditions during or at the end 
of the reaction. Provision is also made whereby one 
component can be reduced by catalytic hydrogenation 
and then added to the body of the cell under anaerobic 
conditions. 

The apparatus (2) is illustrated in Fig. 1. The total 
height of the body should be at least 11 em in order to 
prevent protein solutions from foaming into the side 
arm during deoxygenation. The bubbling tube is fabri- 
cated in two parts to decrease its fragility, these parts 
are joined by a section of voltron plastic tubing. The 
lower part of the bubbling tube is bent to fit in one 
corner of the body, out of the way of the optical path 
(see Fig. 1, right); it almost reaches the bottom of 
the body. 

Anaerobic addition from the side arm. The main 
body, side arm, and bubbling tube (Fig. 1, left) are 
used. One component necessary for the initiation of 
the reaction is placed in the side arm either by inject- 
ing it through stopcock A by means of a hypodermic 
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Fig. 1. Component parts of anaerobic Beckman cell. 


needle or by inverting the side-arm assembly and care- 
fully pipetting it through opening J. The other com- 
ponents are placed in the body. The joints are lubri- 
cated and the apparatus is assembled as shown in 
Fig. 1, right. Oxygen-free nitrogen or helium, pre- 
pared by passing the gas through heated copper 
screens, is bubbled through the cell. After 10 min, 
stopcock A, and then stopcock B, are closed, and the 
cell is transferred to the spectrophotometer. 

Owing to the height of the assembly, it is necessary 
to build a light-tight box that fits over the spectro- 
photometer cell compartment mounting block, carriage, 
and phototube compartment. After a zero reading is 
taken, the contents of the side arm are tipped into the 
body and the reaction is started. Readings are taken 
in the usual way. It is possible to run two anaerobic 
cells simultaneously by placing them in positions 1 


| SINTERED 
+ GLASS 
FUNNEL 


) ASSEMBLY 


Fig. 2. Anaerobic Beckman cell assembled. 
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and 3 of the cuvette holder. Standard cuvettes contain- 
ing appropriate blanks can be placed in positions 2 
and 4, 

Catalytic hydrogenation. The sintered glass funnel 
is used in the side-arm assembly, and the manifold is 
connected to the anaerobic cell as illustrated in Fig. 2. 
With all pinchclamps and stopeocks open, the mani- 
fold system is flushed for a few minutes. Stopeock A 
is then elesed while the nitrogen continues to flow 
through stopcock C and tube EF. The eatalyst (plati- 
num black, palladium black, and so forth) and the 
solution to be reduced (0.2 ml maximum) are then 
placed on the sintered disk, and stopcock C is inserted 
into the upper joint of the sintered glass funnel. 
Pinchelamp D is closed and stopeock A is immediately 
opened, thus shunting the flow of nitrogen through 
the cell, up through the sintered glass funnel, and out 
tube E. When reduction is complete, stopcock B is 
closed, pinchclamp D is opened, and the pinchclamp 
on tube £ is closed, in that order. The pressure builds 
up and forces the solution through the sintered glass 
plate, through stopeock A, and into the side arm (3). 
When all the solution has been filtered, pinchclamp FE 
is opened, stopcock A is closed, and the sintered glass 
funnel is removed. The subsequent steps are carried 
out. as previously described. 

This apparatus has been used successfully to study 
the enzymatic reduction of cytechrome oxidase. Since 
this enzyme is readily reoxidized by small amounts of 
oxygen (4), and since no difficulties were encountered 
in maintaining this enzyme in its reduced state, ade- 
quate anaerobic conditions are provided by this as- 
sembly. 
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New Electrophoresis Cell for Dual Analysis 


Harold Corey and Irwin Oreskes 

Department of Physical Chemistry, 

Division of Laboratories, 

Jewish Chronic Disease Hospital, Brooklyn, New York 


Most of the cells in use today for moving-boundary 
electrophoresis are based on the design and principles 
of Tiselius (1). These cells are of two types. One, fol- 
lowing Tiselius’ original design, consists of a sliding 
sectional U-tube and detachable electrode vessels. The 
other type, which has come into use in recent years, 
is a one-piece cell. The essential feature of both cells 
is that the U-tube has vertical limbs of rectangular 
cross section with optically flat faces and electrode ves- 
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sels attached to both of its sides. In the one-piece cell 
there are no sliding sections, and the boundaries are 
formed by careful layering rather than by shearing. 

One disadvantage of moving-boundary electrophore- 
sis is that, with the cells currently available, only one 
experiment at a time ean be performed. Since from 
1 to 3 hr is required for an experiment, the usefulness 
of the method is limited by the amount of time re- 
quired per run. To overcome this difficulty, many in- 
vestigators have resorted to paper electrophoresis, 
which has sufficient capacity for multiple simultaneous 
runs. However, this method is not always a satisfac- 
tory substitute, because its resolution of eomponents 
is often inferior to that obtained with the moving- 
boundary technique, and the determination of mobili- 
ties is subject to various correction factors (2). 

Electrophoretic cells capable of multiple analysis 
have been developed by Polson (3). These employ the 
center section of a sliding sectional cell and a semi- 
permeable membrane across the bottom of the chan- 
nels. Apparently only descending patterns can be ob- 
tained with these cells. 

In the course of a project performed at this labora- 
tory it was found necessary to do pairs of electropho- 
retic analyses under as nearly identical conditions as 
possible. To satisfy these conditions, we have devel- 
oped the dual analysis cell described here. Because of 
the relative ease of filling and handling, the one-piece 


Fig. 1. The dual electrophoresis cell. 
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design, which is quite satisfactory for most purposes, 
was chosen. Furthermore, the design permits one to 
obtain ascending or descending patterns as desired. 
The dual analysis electrophoresis cell consists of two 
U-tubes so connected as to constitute a parallel electric 
cireuit whose branches are of equal path length (Fig. 
1). The two inner limbs are of rectangular cross sec- 
tion and constitute the optical sections of the cell. The 
outer limbs, made of nonoptical glass tubing, function 
a8 reservoirs for the solutions to be analyzed. In prin- 
ciple all four channels could be of rectangular cross 
section and function optically, provided that the 
Schleiren lens of the optical system is of a sufficiently 
large diameter. In this case, both ascending and de- 
seending patterns could be obtained for each sample. 
This particular cell was designed to fit the Aminco- 
Stern portable electrophoresis apparatus. The lens 
diameter in this instrument dictated the use of only 
two optical channels. Depending on the position of 
the starting boundaries and the polarity of the elec- 
trodes, one may therefore obtain either ascending or 
descending patterns, but not both. In order to allow 
the dual analysis of two different samples, a separate 
filling capillary is connected to the base of each U-tube. 
Boundary formation is effected by the simultaneous 


Fig. 2. Patterns obtained on dual analysis of normal 
human serum. Reading from top to bottom: starting 
boundary, left channel; starting boundary, right channel ; 
final pattern, left channel; final pattern, right channel. 


filling of the channels through the capillaries at a slow 
uniform rate of flow. 

To test the identity of the patterns obtained from 
the two channels, a sample of normal serum dialyzed 
against barbiturate buffer (pH 8.6; ionie strength 
0.1) was divided into two aliquots and analyzed simul- 
taneously in the cell. The patterns obtained are shown 
in Fig. 2. The relative percentages of each component 
are shown in Table 1. As can be seen, the patterns are 


Table 1. Relative percentage concentration of serum 
protein components analyzed simultaneously. 


Components 
Channel 


Albumin Alpha-1 Alpha-2 Beta Gamma 


Left 52.1 4.4 10.2 14.3 19.0 
51.7 4.5 10.2 14.5 19.1 


virtually identical, both in shape and position of the 
components. The values of the relative percentages of 
the components are quite similar. Such differences as 
do occur may be ascribed to errors associated with the 
procedure used in the tracing and planimetry of the 
patterns. 

Aside from dual runs on the same sample, the cell 
has been found to be extremely useful for analyzing 
two different samples under the same conditions. For 
statistical and comparative purposes its advantages 
are evident. For routine analyses the double output of 
the cell is a saving of both time and labor (4). 
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Nowadays it is a truism that advances in physical science depend upon advances in the 
instruments which scientists employ.—Kar._ Darrow. 
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Communications 


Simple Manual Pipette for 
Toxic Reagents 


Because of the many varied chemical reagent solu- 
tions in use in our laboratory for biochemical analyses, 
the need arose for a safe method of pipetting toxic 
solutions to avoid getting any dangerous or toxic solu- 
tions in the operator’s mouth, either by carelessness, 
by fumes, by overpipetting, or by air traps. 

A simple automatic pipette was therefore devised 
and constructed to handle small volumes of toxie re- 
agents (1). It has been used in this laboratory to 
pipette silver nitrate reagent, sodium hydroxide solu- 
tions, concentrated ammoniacal solutions, sodium 
cyanide reagent, sulfuric, nitric, and trichloracetic 
acid solutions, phenol reagent, and molybdate-sulfuric 
acid reagent. 

The component parts are a standard bottle with a 
standard taper mouth, a standard taper ground joint, 
and a standard pipette, of Pyrex glass, with the ring 
seal and the side-arm tube fabricated by hand (2). 
The complete assembly is interchangeable so that a 
1-liter bottle pipette can be cleaned and used in an- 
other 1-liter bottle. We have used both 5- and 10-ml 
pipettes and 500- and 1000-ml bottles for various re- 
agent solutions, and they have exhibited excellent 
strength in usage. 

The automatic pipette reagent bottle (Fig. 1) con- 
sists of a 1000-ml Pyrex reagent bottle A with S.T. 
opening fitted with a 29/42 S.T. Pyrex ground joint 
D. The ring seal C is made by sealing a 5- or 10-ml 
red-line Pyrex measuring pipette B to the S.T. ground 
joint well above the top graduation of the pipette so 
that the accuracy of the pipette is not altered. The 
rubber pressure bulb G is fitted to an 8-mm tube that 


Fig. 1. Pipette for toxic 
reagents. 
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is sealed to the ground joint H. The thumb safety air- 
pressure release F is a small 8-mm opening, slightly 
flared and fire-polished. The 8.T. joint fitting FE for 
the bottle is lubricated with silicone stopcock grease 
(3) to facilitate both ease of removal of the entire 
assembly and a clear view of the graduations when 
making measurements. A smal] washer J of tygon tub- 
ing is fitted below the top of the pipette, and when not 
in use, a Pyrex Wasserman tube K, cut in half and 
packed with glass wool in the sealed end, acts as a 
closure for the mouth of the pipette to minimize con- 
tamination or evaporation of the reagent or solution 
in the bottle. In use, manual pressure is exerted on the 
rubber bulb, with the thumb sealing the safety open- 
ing F, forcing the solution in the bottle up into the 
pipette. When the solution is above the zero mark but 
below the mouth of the pipette, the safety opening is 
released, allowing equalization of air pressure, and 
the forefinger is immediately applied to the opening 
of the pipette. The pipette assembly is then removed 
from the bottle and the excess solution allowed to run 
back to the zero mark. The solution in the pipette, 
with the forefinger as control, is then dispensed as 
usual in any amount up to 10 ml. 

The actual filling and zero adjustment of a 10-ml 
sample of solution in this apparatus takes less than 
15 see and it has proved satisfactory to the personnel 
who have been using it. More than six of these assem- 
blies have been in constant daily use for a 4-mo period 
without breakage or freezing of the closure. 

Harry EISENBERG 
Department of Medicine, 
The Johns Hopkins University 
School of Medicine and Hospital 


Notes 


1. This pipette has been found useful during technical pro- 
cedures carried out in The Johns Hopkins Hoxpital on a 
project supported by a contract between the U.S. Atomic 
Energy Commission and The Johns Hopkins University 
with Dr. John Eager Howard as Research Contract Di- 
rector. 


2. Made to specifications by T. Elmo Maiolatesi, Baltimore, 
Md 


3. Dow-Corning Silicone Stopcock Grease, which has proved 
impervious to most of the reagents we bave used with 
the pipette assembly. 


30 July 1954. 


Constant Current or Constant Voltage? 


It is sometimes stated that for paper electrophoresis 
one needs constant current not constant voltage. The 
very active development of paper electrophoresis now 
going on makes it desirable to consider the basis of 
this statement. The following analysis shows that it is 
sometimes true and sometimes not. 

The desideratum in electrophoresis is a known, con- 
stant, and reproducible electric field for which the field 
strength E can be measured in volts per eentimeter. 
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The direct calculation of E involves dividing the volt- 
age difference between the ends of the migration path 
by the path length. In the usual type of free-solution 
electrophoresis cell, the direct measurement of volt- 
ages in the migration path is inconvenient and one may 
then resort to an indirect method based on the equa- 
tion H=1/KA, which assumes that the conductivity 
K is constant and the cross-sectional area A is uni- 
form. With these conditions satisfied, a constant-cur- 
rent supply insures the required electric field. 

The situation is not the same in paper electrophore- 
sis. Here we must distinguish between (i) apparatus 
in which the paper is exposed to an atmosphere and 
(ii) apparatus in which it is pressed between two solid 
surfaces. 

When the paper is exposed to an atmosphere, 
whether saturated or not, evaporation from the paper 
oceurs because of heat generated by the electric current. 
The quantity of heat H is caleulated for a constant- 
current supply from the equation H (cal/min) =14.3 
RI*, and for a constant voltage supply from the equa- 
tion H (cal/min) =14.3 V*/R. Calculations based on 
a paper strip carrying 7 ma at 500 v indicate that as 
much as 0.1 ml of water may be evaporated per min- 
ute. A sequence of events is thereby initiated (concen- 
tration of buffer, influx of water from electrode com- 
partments, and decreased resistance), which, with a 
constant-voltage supply, results in increased current 
density, increased heat production, and still more 
evaporation. At higher voltages, the cycle may proceed 
to the point of igniting the paper. This occurred in one 
case while operating at room temperature with 1000 v 
across a 30-em strip of paper using 0.1M barbital 
buffer. 

On the other hand, a constant-current supply, while 
it does not prevent the change in conductivity, does 
control the heat production, but at the cost of a con- 
stantly decreasing applied voltage as the resistance 
decreases. In this case, therefore, a choice must be 
made between constant-voltage supply with the danger 
of overheating and constant-current supply with the 
disadvantage of varying migration rate. 

When the paper is compressed between two solid 
surfaces—for example, glass plates—evaporation is 
completely prevented and the temperature rise is con- 
trolled by the temperature of the contact surfaces. If 
no other disturbing factors are present, either con- 
stant-current or constant-voltage supply can be used. 
However, it is found experimentally that even with 
constant pressure the conductance of the paper-buffer 
system increases during the run, although not as much 
as in the exposed strip, apparently because of electro- 
osmotic influx of buffer. The constant-voltage supply 
is therefore preferred, since it has the advantage of 
producing constant field strength. The field strength is 
calculated by dividing applied voltage by paper length 
(measured between buffer surfaces). 


The subject is treated more fully by the writer in a 
forthcoming monograph, “Paper and zone electro- 
phoresis manual” (E-C Apparatus Co., New York, 
1954). 


SaMvEL RAYMOND 
College of Physicians and Surgeons, 
Columbia University, New York 32 


13 September 1954. 


Glass-Fiber Paper Impregnated with Silicic 
Acid as a New Chromatographic Tool 


In attempting to separate saturated mono-, di-, 
and triglycerides by paper chromatography, it was 
found difficult to locate the spots, because the paper 
is destroyed by the drastic tests necessary to locate 
these compounds. To overcome this difficulty, a fine 
glass-fiber filter paper was obtained, which, when 
impregnated with silicic acid, was found to have chro- 
matographic properties similar to that of silicie acid 
columns. 

D. L. Fillerup and J. F. Mead [Proc. Soc. Exptl. 
Biol. Med. 83, 574 (1953)] were able to separate a 
mixture of triglycerides, fatty acids, cholesterol, and 
cholesterol esters on a silicic acid column by using 
inereasing amounts of ethyl ether in petroleum ether 
as eluting solvents. It was found in this laboratory 
that mono-, di-, and tripalmitin, cholesterol, and 
cholesterol acetate can be separated on glass paper 
impregnated with silicic acid using a developing sol- 
vent consisting of a 2-percent ethyl ether in isooctane. 
Typical R, values obtained were as follows: 1-mono- 
palmitin, 0.05; dipalmitin, 0.27; cholesterol, 0.41; 
tripalmitin, 0.79; cholesterol acetate, 1.0. 

The location of the sterol spots was accomplished by 
spraying one side of the chromatogram with the 
Liebermann-Burchard reagent followed by heating 
over an electric pot plate with exposed heating ele- 
ment. Cholesterol and cholesterol acetate appeared as 
bright pinkish-red spots on a white background. All 
areas containing carbon compounds were located by 
spraying the reverse side of the chromatogram with 
a dichromate-sulfurie acid-water solution followed by 
heating over the hot plate. All areas containing car- 
bon compounds appeared as light to dark grayish- 
black spots on a yellowish-orange background. The 
color of the spot depended in large measure upon the 
amount of carbon present. ; 

This technique is being adapted to the separation 
of other groups of compounds. The details of the 
procedure will be published later. 

Jutius W. DiecKert 
RayMonp REISER 

Department of Biochemistry and Nutrition, 
Texas Agricultural and Mechanical College, College 

Station 


7 September 1954. 
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MOSBY BOOKS 


TEXTBOOK of BACTERIOLOGY 


By JOSEPH M. DOUGHERTY, A.B., M.A., Ph.D., 
Formerly Dean of the School of Science and Profes- 
sor of Bacteriology, Villanova University; Fellow of 
the American Association for the Advancement of 
Science; and ANTHONY J. LAMBERTI, B.S., 
M.S., Instructor in Bacteriology and Parasitology, 
Temple University School of Medicine. 

Third Edition. 598 pages, 190 illustrations. Price, 
$8.25. 


The importance of the science of bacteriology in re 
life and the requirements of many avocations make 
acquisition of the principles of bacteriology a distinct on 
for the college graduate. This text aims to secure the interest 
of the large number of students who are required to study 
bacteriology. 

This new 1954 edition has been completely revised and the 
number of chapters increased. Both the text matter and the 
illustrations have been increased by approximately 36% over 
the previous edition. 

New chapters have been added on: The Growth and Death 
of Bacteria; the Bacteriology of Air and Soil; Normal Bac- 
terial Flora of the Body; the Lactobacillus and Listeria 
Group; and Miscellaneous Bacteria. The original chapter on 
the colon-typhoid-dysentery group has been completely re- 
written into four new chapters. The chapters on classification, 
morphology, chemistry, and of bacteria and the 
chapters on immunology and the viruses have been rewritten 
and brought up to date. 


DIAGNOSTIC BACTERIOLOGY 


By ISABELLE GILBERT SCHAUB, Technical Di- 
rector, Clinical Bacteriology Laboratories, the Johns 
Hopkins Hospital ; and M. KATHLEEN FOLEY, 
Instructor in Bacteriology, Department of Biological 
Sciences, College of Notre Dame land. 
Fourth Edition. 365 pages, illustrated. Price, $4.50. 


The subject of diagnostic bacteriology is now covered more 
adequately than ever before. Schaub and Foley have done it 
completely—and they have done it in the most practicable and 
workable form, starting with the handling of clinical material. 
They follow with descriptions of procedures for the identifica- 
tion of organisms, first by color characteristics, then by 
biochemical reactions, and end with serologic tests. Much of 
the material in this edition has been rewritten. Many of the 
procedures have been streamlined, and the authors have made 
use of new media and methods of differentiation and 
identification. 


3207 Blvd., 
St. Louis 3, Missouri 


PRINCIPLES of MICROBIOLOGY 


By CHARLES F. CARTER, B.S., M.D., Director. 
Carter’s Clinical Laboratory, Dallas, Texas; and 
ALIOS L. SMYTH, A.B.M.D., Assistant in Pathol- 

, Instructor in Microbiology and Pathol Park- 
land Hospital, School of Nursing, Dallas, . 
Second Edition. 604 pages, 177 illustrations. Price, 
$5.00. 


This book presents a brief general survey of the principles of 
microbiology with simple descriptions of the most important 
disease-producing microbes and a discussion of the reaction of 
the animal body to contact with them. 
In this revision all chapters have been carefully studied. The 
general outline of the book remains the same as that of the 
first edition with the exception of an introductory chapter on 
the History of Microbiology. Included in this chapter are the 
“milestones” found at the end of the previous edition. Com- 
paratively new developments which occupy the thought of 
microbiologists, such as the therapeutic use of gamma 
lin, the ac jon of latent infections by the antibiotic 
drugs, the modern control of leprosy, and the more modern 
methods of disinfection and sterilization, have been included 
in this edition. 


The section of sulf id ds and ibiotics has 
been rewritten and enlarged. rs all cases, so far as possible, 
the action of the sulf ds and antibiotics on 


each disease-producing agent is given. Little mention is made 
of therapeutic agents which were widely used only a few 
decades ago but which are now not commercially available. 


Laboratory Guide for 
BEGINNING BACTERIOLOGY 


By W. LEROY MALLMAN, Professor of Bacteriol- 
ogy, and EDWARD D. DEVEREUX, Professor of 
Bacteriology, Department of Bacteriology and Pub- 
lic Health, Michigan State College, East Lansing, 
Mich. 

144 pages. Price, $3.00. 


This laboratory guide presents exercises planned to train the 
student in basic techniques preparatory to courses in more ad- 
vanced bacteriology and at the same time presents material 
that will be useful to the student who has taken beginning 
bacteriology as a part of his college m to train himself 
in better citizenship or as a tool or aid in his chosen voca- 
tion. The material presented is prepared for a course covering 
10 laboratory hours a week for 12 weeks of 6 laboratory 
hours for 16 weeks. 


THE C, V. MOSBY COMPANY, 


Gentlemen: Send me the book(s) checked with (X). ( Attached is my check. [] Charge my account. 
$8.25 


Dougherty-Lamberti—BACTERIOLOGY 

Carter-Smith—PRINCIPLES OF MICROBIOLOGY 5.00 
Mall BEGINNING BACTERIOLOGY 3.00 
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A “delightful volume [that} presents 


the history of aerodynamics through 
the eyes of one of its principal archi- 


tects.”— Aeronautical Engineering Review 


AERODYNAMICS 


Selected Topics in the Light 
of Their Historical Development 


By Theodore von Karman 


Former Director of the Guggenheim 
Aeronautics Laboratory, California 
Institute of Technology 


On the one hand, this book is a brief intro- 
duction to the history of aerodynamics, told 
by one who took a leading part in its de- 
velopment. Dr. von Karman enlivens the 
account with incidents and anecdotes from 
his personal experience. 

On the other hand, Aerodynamics: Se- 
lected Topics in the Light of Their Histori- 
cal Development is a presentation of some 
of the fundamentals of aerodynamics by a 
famous teacher of the subject. It explains 
the essential steps by which aerodynamics 
progressed from the conceptions of the 
seventeenth and eighteenth centuries to the 
knowledge that has enabled us to build and 
fly the supersonic aircraft of today. 


Contents. Preface. Aerodynamic Research before 
the Era of Flight. The Theory of Lift. Theories 
of Drag and Skin Friction. Supersonic Aerody- 
namics. Stability and Aeroelasticity. From the 
Propeller to the Space Rocket. Index. 


Illustrated. $4.75 


Cornell University Press 


18A 


124 ROBERTS PLACE 
ITHACA, NEW YORK 


SERUM PROTEIN 
DETERMINATIONS 


IN 5 SECONDS! 


om In the laboratory! 
At the bedside! 


PROTOMETER 


Pocket size @ Reads 0-12% protein to 0.2% with- 
out interpolation @ Direct reading . . . no charts 
or calculations @ Adjustment knob automatically 
compensates for temperature variations @ No 
reagents required @ Budget priced @ Request 
Bulletin S-10. 


NATIONAL INSTRUMENT CO. 


5005 Queensbury Ave. 7 Baltimore 15, Md. 


Instruments for 
RESEARCH AND DEVELOPMENT 


The CSI-High Speed Angle Centrifuge is built for 
maximum flexibility, continuous operation and ease 
of sterilization. Speed—13,000-14,000 RPM. 


Dry Ice Storage 
Cabinets were de- 
signed for storing 
vaccines, viruses, 
+. drugs, other bio- 
, logicals and phar- 
maceuticals requir- 
ing very low tem- 
perature for pres- 
ervation. 


Custom Scientific Instruments, Inc. 
541-543 Devon St., Arlington, New Jersey 


SCIENCE, VoL. 120 


| 
J 
. 
\ 
j 
4 
2 
4 
4 
3 
4 
j 
‘ 


‘A'N ‘Ol MMOA MEN OZ 


NOS LLTHOVW “J 


“paanssp 

*peysrusny aq pue peAur ese 
sorambur sznox *sedA3 [je JO 


JO JO [Je SuyApoquy 


SNLVUVddV DUNGUVM 
NOISIDIUd 


pue peeds Ayjny SuyApoqurg 
‘Jepour pesn Ajeprm y 


SNLVUVddV 
YVINIAID NOISIDIUd 


=) 
7 
: 
: 
| 
| 
| 
| 
| 
= 
* 
Ve 
| 4 
= 
— 
19A 
£ 


SS SS SS SSS SSS 


SSS SS SSS SSH SSS SSS 


PSS SSS SSS SSS SSS SS SSS SSS SSS: 


20A 


SEX IN MICROORGANISMS 


Editorial Committee 
D. H. WENRICH, University of Pennsylvania, Chairman 
IVEY F. LEWIS, University of Virginia 
JOHN R. RAPER, Harvard University 


6 x 9 inches, 362 pages, 59 illustrations, 11 tables, clothbound, 1954 
Author and Subject Indexes, Bibliographies 


Price $5.75, AAAS Members’ prepaid order price $5.00. 


A symposium volume of the American Association for the 
Advancement of Science 


A distinguished group of workers in this field presents the evidence for “sex” in the 
principal groups of microorganisms. There has been some expansion of the material pre- 
sented at the symposium in Philadelphia to round out the volume. 

Morphological, genetic, and physiological considerations are covered in a framework 
which will make the exciting new discoveries in this subject more meaningful to the 
many scientists following developments in this important area. 


TABLE OF CONTENTS 

Genetic Recombination in Bacterial Viruses N. VisconT1, 
Carnegie Institution of Washington 
Cold Spring Harbor, N. Y. 

Sex in Bacteria: Genetic Studies, 1945-1952 JosHua LEDERBERG, E 
University of Wisconsin 
and E. L. Tatum, 
Stanford University 


Sex in Bacteria: Evidence from Morphology W. G. Hutcuinson, 
University of Pennsylvania 
and Henry STEMPEN, 
Jefferson Medical College 


Life Cycles, Sexuality, and Sexual Mechanisms Joun R. Raper, 
in the Fungi Harvard University 


Sexual Reproduction in Diatoms Patrick, 

Academy of Natural Sciences of Philadelphia 
Sex in Unicellular Algae Ravpu A. Lewin, 

National Research Council 

Halifax, N. S. 
Sex in Protozoa: A Comparative Review D. H. Wenricn, 


University of Pennsylvania 
Mating Type Determination in Paramecium Davo L. Nanney, 


aurelia: A Study in Cellular Heredity University of Michigan 
ing Substances and the Physiology of Fertili- Cuartes B. Merz, 
zation in Ciliates Florida State University 


Comments on the Origin and Evolution of “Sex” D. H. Wenricu 


American Association for the Advancement of Science 
1515 Massachusetts Avenue, NW, Washington 5, D. C. 
English Agents: Bailey Bros & Swinfen, Ltd., 46 St. Giles High Street, London, W.C.2 


ScrenceE, vou. 120 


~i 
= 
] 
q | 
q 
| 
> 
| 
| 
‘ 


NEWS FOR LABORATORIES ON A LIMITED BUDGET 


UNITRON Microscopes offer proven value and quality! 


UNITRON Universal Camera 
Microscope and Metallograph 


A completely self-contained unit for visual 
observation, projection, photography o 
both opaque and transparent specimens. Built- 
in 3%” camera, transformer, and , 
illuminator. Optics include 5 objectives and 
7 eyepieces. Mechanical stage, polarizing ap- 
paratus, micrometers, etc. Magnification: 25- 
2000X. Low power accessories and 35 mm. 
camera attachment available at extra cost. 


Only $1,145, 


UNITRON Auto-IIlumination, 
MLU 

An ideal laboratory or medical microscope. 
eS Built-in illuminating system with transformer 
housed in microscope base. An eyepiece 
projection prism is included which makes the 
instrument a self-contained small projector. 
Graduated mechanical stage. Objectives: 10X, 

40X, 100X. Eyepieces: 5X, 10X, 15X. 
Only $229. 


UNITRON Phase Contrast, MPE 


Indispensable for the study of living cells and 
other highly transparent material. Continuous 
transition from phase to bright-field micros- 
copy by adjusting condenser height. Choice of 
4 contrasts. Mechanical stage. Three phase 
objectives: PIOX, P40X, P1OOX. Eyepieces: 


5X, 10X, 15X. 
Only $265. 


UNITRON Stereoscopic, MSH 


A versatile laboratory instrument giving 
an exceptionally wide field of view with 
great depth of focus. Inclined binocular 
head with distance and diopter adjust- 
ments. Revolving nosepiece. Separate low 
stand. Choice of 3 objectives among 1X, 
2X, 3X, 6X. Eyepieces: 8X, 12X, 15X. 


Only $314. 


UNITRON Metallurgical, MMU 


For metals and opaque specimens, and also 
transparent specimens under both ordinary 
and polarized light. Vertical, oblique, and 
transmitted illumination. Transformer housed 
in microscope base. Focusable stage. Polarizing 
apparatus and filters. Objectives: 5X, 10X, 
40X, 100X, Eyepieces: 5X, 10X, 15X. 


Only $287. 


Proper instrumentation is essential for efficient lab 
oratory performance. 


Yet only recently microscopes were so costly that 
many laboratories operating on a restricted budget 
were forced to content themselves with outmoded in- 
struments of limited effectiveness. Furthermore, the 
more specialized types of microscopes were rarely to 
be found in the average laboratory, and problems to 
which they could contribute effectively had to be ap- 
proached by indirect and less efficient methods. 


The low cost of UNITRON MICROSCOPES has made 
it possible for even the laboratory with limited re- 
sources to have at its disposal modern microscopes of 
unsurpassed precision. Large organizations as well as 
small have been quick to recognize the outstanding 
value of UNITRON MICROSCOPES as well as their 
unexcelled optical and mechanical performance. Well 
known users include leading universities, industrial 
firms, and research laboratories such as: 

Harvard University 
General Motors Corp. 

U. S. Dep’t. of Agriculture 
Cornell University 
Princeton University 
University of Michigan 


Union Carbide and Carbon Co. 
Brown University 

General Electric Co. 
Northwestern University 

Corn Products Refining Co. 
Mass. Inst. of Technology 


CBS Hytron Arthur D. Little, Inc. 

1. B. M. Corp. Raytheon Manufacturing Co. 
U. S. Army and Navy Goodyear Atomic Corp. 
Bowdoin College Parke, Davis and Co. 


The UNITRON Microscope Catalog 
is yours for the asking! 


UNITRON Photomicrography Set 


Duplicates the performance of costly appara- 
tus. Mounting brackets adjust to accommo- 
date your present camera (35mm., No. 120, 
No. 127, etc.). Viewing telescope permits 
all adjustments to be made while camera is 
in place and allows continuous observation of 
the specimen even during time exposures. 


Only $39.95 
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The “medical library” 
published monthly for those who wish 
broad coverage of current medical 
publications in highly condensed form. 


vx Over 55,000 Professional Readers to date 
yx Contains No Advertising 


vx Each 3 x 5%” page printed on one side 
for easy filing. 


SIXTH YEAR PUBLICATION 


Readers Say: 


xx “It’s a master-piece.”” M.D., Florida 

yx “What a wonderful publication.” R.N., 
California 

vx “One of the best things that ever hap- 
pened.” D.D.S., Missouri. 
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PUBLISHERS OF CLINICAL CLIPPINGS 

7338 Woodward Avenue + Detroit 2, Michigan 
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«+ Zone... State........ 
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Meetings & Conferences 
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18-19. National Assoc. of Corrosion Engineers, western 
region, Los Angeles, Calif. (J. G. Kerr, C. F. Braun & 
Co., 1000 S. Fremont Ave., Alhambra, Calif.) 

18-19. Soe. of Exploration Geophysicists, 8th annual mid- 
western, Dallas, Tex. (R. C. Dunlap, 624 S. Cheyenne, 
Tulsa, Okla.) 

18-20. Acoustical Soc. of America, semiannual, Austin, 
Tex. (W. Waterfall, 57 E. 55 St., New York 22.) 

18-20. Symposium on Precision Electrical Measurements, 
Teddington, Eng. (Director, National Physical Labo- 
ratory, Teddington, Middlesex, Eng.) 

19-20. Operations Research Soc. of America, Washington, 
D.C. (D. A. Katcher, 7100 Connecticut Ave., Chevy 
Chase 15, Md.) 

19-30. International Cong. of Civil Engineers, 2nd, Ca- 
racas, Venezuela. (L. B. Diaz, Av. Principal de los 
Caobos, Apartado 2006, Caracas.) 

25-26. Inst. of Metals, London, England. (8. C. Guillan 
4, Grosvenor Gardens, London, 8.W. 1.) 

26-27. American Physical Soc., Chicago, Ill. (K. K. Dar- 
row, Columbia Univ., New York 27.) 

26-27. American Soc. of Animal Production, Chicago, 
Ill. (W. M. Beeson, Dept. of Animal Husbandry, Pur- 
due Univ., Lafayette, Ind.) 

26-27. Tennessee Acad. of Science, Nashville, Tenn. (1. 
H. Tipton, Physics Dept., Univ. of Tennessee, Knox- 
ville.) 

28-1. American Soc. of Refrigerating Engineers, Phila- 
delphia, Pa. (J. I. Szabo, 40 W. 40 St., New York 18.) 

28-3. American Soc. of Mechanical Engineers, annual, 
New York City. (O. B. Schier, II, 29 W. 39 St., New 
York 18.) 

29-1. Assoc. of Military Surgeons, Washington, D.C. (R. 
R. Sayers, Armed Forces Inst. of Pathology, Wash- 
ington 25.) 

29-2. American Medical Assoc., clinical, Miami, Fla. (G. 
F. Lull, 535 Dearborn St., Chicago 10, Til.) 

30-2. Electronic Computer Clinic, lst, New York, N.Y. 
(R. Rimbach, 845 Ridge Ave., Pittsburgh 12, Pa.) 


December 

1-2. Animal Care Panel, Chicago, Ill. (R. J. Flynn, Box 
299, Lemont, III.) 

1-8. American Rocket Soc., New York, N.Y. (ARS, 33 
W. 39 St., New York 18.) 

1-7. International Cong. on Medicinal and Similar Plants, 
Sao Paulo, Brazil. (P. Artigas, Rua Tres Rios 363, Sio 
Paulo.) 

1-8. Pan American Pharmaceutical and Biochemical Cong,. 
3rd, Sao Paulo, Brazil. (C. Fontoura, Rua Caetano 
Pinto 129, Sio Paulo.) 

8-4. Oklahoma Acad. of Science, Tulsa, Okla. (R. E. 
Olson, Dept. of Geography, Univ. of Oklahoma, Nor- 
man.) 

38-5. American Psychoanalytic Assoc., New York, N.Y. 
(8. L. Frank, 745 5 Ave., New York 22.) 

4. American Alpine Club, Philadelphia, Pa. (J. C. Ober- 
lin, 909 Leader Bidg., Cleveland 14, Ohio.) 

6. American Acad. of Dental Medicine, 9th mid-annual, 
New York, N.Y. (W. M. Greenhut, 124 E. 84 St., New 
York 28.) 

§-8. American Soc. of Agricultural Engineers, winter, 
Chicago, Ill. (F. B. Lanham, ASAE, St. Joseph, Mich.) 
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Meetings & Conferences 


December, contd. 


5-10. Radiological Soc. of North America, annual, New 
York, N.Y. (D. 8. Childs, 713 E. Genesee St., Syracuse 
2, N.Y.) 

6-9. Entomological Soc. of America, Houston, Tex. (A. 
B. Gurney, 1530 P St., NW, Washington 5.) 

8-10. Eastern Joint Computer Conf., 4th annual, Phila- 
delphia, Pa. (EJCC, P.O. Box 7825, Philadelphia 1.) 
9-11. Texas Acad. of Science, annual, San Antonio, Tex. 

(G. H. Baird, P.O. Box 228, Huntsville.) 

10-12. Florida Acad. of Science, Tallahassee, Fla. (R. A. 
Edwards, Dept. of Geology, Univ. of Florida, Gaines- 
ville.) 

11-14. American Acad. of Optometry, annual, Toronto, 
Canada. (C. C. Koch, 1502 Foshay Tower, Minneapolis 
2.) 

11-22. World Forestry Cong., 4th, Dehra Dun, India. (T. 
Street, Foreign Agricultural Service, U.S. Department 
of Agriculture, Washington 25.) 

12-i5. American Inst. of Chemical Engineers, annual, 
New York, N.Y. (AIChE, 120 E. 41 St., New York 17.) 

26-28. American Statistical Assoc., Berkeley, Calif. (S. 
Weiss, 1108 16 St., NW, Washington 6.) 

26-29. National Science Teachers Assoc., Berkeley, Calif. 
(R. H. Carleton, 1201 16 St., NW, Washington 6.) 

26-30. Inst. of Mathematical Statistics, Berkeley, Calif. 
(K. J. Arnold, Dept. of Mathematics, Michigan State 
College, E. Lansing.) 

26-31. AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
or Science, annual, Berkeley, Calif, (R. L. Taylor, 
1515 Massachusetts Ave., NW, Washington 5.) 

26-31. American Nature Study Soc., Berkeley, Calif. (H. 
B. Ross, State Teachers College, Fitchburg, Mass.) 

27. Metric Assoc., Washington, D.C. (V. G. Shinkle, 1916 
Eye St., NW, Washington 6.) 

27-28. American Folklore Soc., New York, N.Y. (M. 
Leach, Bennett Hall, Univ. of Pennsylvania, Philadel- 
phia 4.) 

27-28. Ecological Soc. of America, Berkeley, Calif. (J. 
F. Reed, Dept. of Botany, Univ. of Wyoming, Laramie.) 

27-29. American Mathematical Soc., annual, Pittsburgh, 
Pa. (E. G. Begle, AMS, Yale University, New Haven, 
Conn.) 

27-29. Arctic Inst. of North America, Berkeley, Calif. 
(R. C. Wallace, 4 Centre St., Kingston, Ont., Canada.) 

27-29. Astronomical Soc. of the Pacific, Berkeley, Calif. 
(S. Einarsson, Leuschner Observatory, Univ. of Cali- 
fornia, Berkeley 4.) 

27-29. International Conf. on Animal Venoms, Berkeley, 
Calif. (N. Porges, Eastern Regional Research Labora- 
tory at Wyndmoor, Philadelphia, Pa.) 

27-29. Western Soc. of Naturalists, Berkeley, Calif. (J. 
L. Mohr, Univ. of Southern California, Los Angeles 7.) 

27-80. Berkeley Symposium on Mathematical Statistics 
and Probability, 3rd, Berkeley, Calif. (J. Neyman, 
Dept. of Mathematics, Univ. of California, Berkeley 4.) 

27-30. Econometric Soc., Detroit, Mich. (R. L. Cardwell, 
Cowles Commission, Univ. of Chicago, Chicago 37.) 

27-30. National Assoc. of Biology Teachers, Berkeley, 
Calif. (P. Webster, Bryan City High School, Bryan, 
Ohio.) 

27-80. Soc. of Systematic Zoology, Berkeley, Calif. (R. 
E. Blackwelder, U.S. National Museum, Washington 
25.) 
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OUNTER LABORATORY 
CHICAGO 15, ILL 


N. WOOD SCINTILLATION 


COUNTERS for 
Clinical, Laboratory 
and Special .ipplications 


alpha, beta, gamma, and neutron 
@ Probe Type: dia. x 1” Nal (T1) crystal, for Thyroid Studies 
@ Scanning: ” dia. crsytal ideal ior Tumor Localization 
@ Well Type: or low activity liquid samples 


@ ALL may be used in PULSE HEIGHT ANALYSIS 


@ Other Bismuth, thin wall Beta, Jacketed, Window- 
Counters less Flow, Neutron, and Gamma counters, 
standard or made to specifications. 


Our counters 
have been developed 
in co-operation with Nuclear Scientists 
and constantly reflect 
the latest needs of research workers 


N. WOOD COUNTER LABORATORY 
5491 BLACKSTONE AVE. CHICAGO 15. ILLINOIS 


| 
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| MEM Pt Papen 
_INCUBATOR 


ESPECIALLY 
BUILT FOR 
LABORATORY 
OPERATIONS 


Outstanding Features Are: 


eq 
It Is also suitable for ese in tissue cultere, paper chroma- 
tography, egg embryo development, or as a drying oven. 


AMERICAN-LINCOLN INCUBATOR CO. 


645 Somerset St., New Brunswick, N. J. 


whew 


ga 


| =a 
| 
| 
4 
| 
4 
control within V4 degree. 
@ Large usable 2. 
Outside dimensions are: 47” wide, 36” high. 
@ Rugged construction to accommodate small 
rotary shaper and other heavy laboratory : 
Write to Dept. A.S. for circular giving full data ‘ 
on above and our full line of cages and other 
incubators 
23A 


NEW CLASSROOM MICROSCOPE 
for 
General Biology 


Sold on 10 days ap- 
proval. Satisfaction 
Guaranteed 
Model GB, 

Equipped with: 

10x Ocular 

Objectives, 

16 mm (10x) n.a. 0.27 
4mm (44x) n.a. 0.66 

Disc Diaphragm 

Plano-concave mirror 

Coarse adjustment 
Full range fine adjust- 

ment 


$118.00 
Less 10% or 
more. 
Write for 
MODEL GB: catalogue 


INSIST ON THIS FULLY EQUIPPED 
INSTRUMENT 


A trial in your laboratory will convince you of the 
high quality, beautiful design and practical features. 
No obligation to purchase if you are not as enthused 
about this instrument as we are. 


THE GRAF-APSCO CO. 
5868 Broadway Chicago 40, Ili. 


Centennial 


Symposia presented to commemorate the first 
hundred years of AAAS include 42 papers 
by leading scientists in thirteen major fields: 


* Sciences of Society * The World’s Natural 
* Educational Potentials Resources 
* Human Individuality d Cytoplasm 
‘ * High Polymers 
* Housing 
* World Health Problems’ Interactions of matter 
* Sources of Energy and Radiation 
* The Upper Atmosphere: Waves and Rhythms 
7% x10¥Y2 inches, double column, 
clothbound,. 320 pages 


Cash price to AAAS members $4.50 
Nonmembers and institutions $5.00 


A.A.A.S. Publications 
151§ Massachusetts Ave., N.W. 
Washington 5, D. C. 


Enclosed find my check or money order for 
$........ for one copy of Centennial. 


Meetings & Conferences 


December, contd. 

28-29. Linguistic Soc. of America, Detroit, Mich. (A. A. 
Hill, 1719 Massachusetts Ave., NW, Washington 6.) 
28-29. Meteoritical Soc., Berkeley, Calif. (J. A. Russell, 

Univ. of Southern California, Los Angeles 7.) 

28-29. Northwest Scientific Assoc., Missoula, Mont. (F. 
J. Schadegg, Eastern Washington College of Educa- 
tion, Cheney, Wash.) 

28-30. American Economic Assoc., Detroit, Mich. (J. W. 
Bell, Dept. of Economics, Northwestern Univ., Evans- 
ton, Ill.) 

28-30. American Meteorological Soc., Berkeley, Calif. 
(K. C. Spengler, 3 Joy St., Boston 8, Mass.) ° 

28-30. American Physical Soc., Berkeley, Calif. (J. Kap- 
lan, Dept. of Physics, Univ. of California, Los Angeles 
24.) 

28-30. American Soc. of Limnology and Oceanography, 
Berkeley, Calif. (B. H. K. Ketchum, Woods Hole 
Oceanographic Institution, Woods Hole, Mass.) 

28-30. American Soc. of Zoologists, Chapel Hill, N.C. (R. 
T. Kempton, Vassar College, Poughkeepsie, N.Y.) 

28-80. Archaeological Inst. of America, annual, Boston, 
Mass. (C. G. Yavis, Andover Hall, Francis Ave., Cam- 
bridge 38, Mass.) 

28-30. Gerontological Soc., annual, Gainesville, Fla. (N. 
W. Shock, Baltimore City Hospitals, Baltimore 24, Md.) 

29. Assoc. for Symbolic Logic, Pittsburgh, Pa. (J. Barlaz, 
Rutgers Univ., New Brunswick, N.J.) 

29-30. History of Science Soc., New York, N.Y. (M. Boas, 
Brandeis Univ., Waltham, Mass.) 

80. Mathematical Assoc. of America, Pittsburgh, Pa. (H. 
M. Gehman, Univ. of Buffalo, Buffalo 14, N.Y.) 

80. Soc. of General Physiologists, Berkeley, Calif. (J. B. 
Buck, National Institutes of Health, Bethesda 14, Md.) 

January 

2-8. Indian Science Congress Assoc., 42nd, Baroda, 
(ISCA, 1 Park St., Caleutta 16.) 

11-14. American College of Surgeons, Inter-American 
session, Lima, Peru. (M. L. Mason, 40 E. Erie St., 
Chicago 11, Ill.) 

12-15. World Symposium on Applied Solar Energy, 
Phoenix, Ariz. (M. L. Kastens, Stanford Research Inst., 
Stanford, Calif.) 

13. American Genetic Assoc., annual business, Washing- 
ton, D.C. (R. M. Cook, AGA, 1507 M St., NW, Wash- 
ington.) 

20-22. American Physical Soc., New York, N.Y. (K. K. 
Darrow, Columbia University, New York 27.) 

21. Public Health Workshop on Dental Programs in In- 
dustry, 3rd, New York, N.Y. (A. J. Asgis, Hotel Stat- 
ler, New York.) 

24-27. American Soc. of Heating and Ventilating Engi- 
neers, Philadelphia, Pa. (A. V. Hutchinson, 62 Worth 
St., New York 13.) 

26-2. Australian and New Zealand Assoc. for the Ad- 
vancement of Science, Melbourne, Australia. (J. R. A. 
MeMillan, 157 Gloucester St., Sydney.) 

27. American Federation for Clinical Research, western 
section, Carmel, Calif. (A. B. French, College of Medi- 
cine, Univ. of Utah, Salt Lake City.) 

February 

7-9. Conf. on Silicosis and Occupational Chest Diseases, 
Saranac Lake, N.Y. (N. R. Sturgis, Jr., Saranac Lab- 
oratory, Saranac Lake.) 
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Meetings & Conferences 


February, contd. 

7-11. American Soc. of Civil Engineers, San Diego, Calif. 
(W. N. Carey, 33 W. 39 St., New York 18.) 

11-25. Pan American Acad. of General Practice, Lima, 
Peru. (A. Martinez, 54 E. 72 St., New York 21.) 

18-17. American Inst. of Mining and Metallurgical En- 
gineers, annual, Chicago, Ill. (E. H. Robie, 29 W. 39 
St., New York 18.) 

14-19. Latin American Cong. of Physical Medicine, Lima, 
Peru. (C. L. de Victoria, 176 E. 71 St., New York 21.) 

17-19. American Acad. of Forensic Sciences, Los An- 
geles, Calif. (W. J. R. Camp, 1853 Polk St., Chicago 
12, Ill.) 

28-2. American Educational Research Assoc., St. Louis, 
Mo. (F. W. Hubbard, 1201 16 St., NW, Washington 6, 
D.C.) 


March 

2-4, American Assoc. of University Professors, Gatlin- 
burg, Tenn. (R. E. Himstead, AAUP, 1785 Massachu- 
setts Ave., NW, Washington 6, D.C.) 

7-11. American Soc. of Photogrammetry, Washington, 
D.C. (C. E. Palmer, 1000 11 St., NW, Washington 1.) 

7-11. National Assoc. of Corrosion Engineers, 11th an- 
nual, Chicago, Ill. (A. B. Campbell, 1061 M & M Bidg., 

_ Houston 2, Tex. 

14, American Educational Research Assoc., Denver, Colo. 
(F. W. Hubbard, 1201 16 St., NW, Washington 6, D.C.) 

14. Wildlife Soc., Montreal, Canada. (D. L. Leedy, Fish 
and Wildlife Service, Washington 25, D.C.) 

17-19. American Physical Soc., Baltimore, Md. (K. K. 
Darrow, Columbia University, New York 27). 

17-19, National Wildlife Federation, Montreal, Canada. 
(C. H. Callison, 232 Carroll St., NW, Washington 12, 
D.C.) 

17-2. Inter-American Statistical Conf., 3rd, Santiago, 
Chile. (IASI, Pan American Union, Washington 6, 
D.C.) 

20-28. American Assoc. of Dental Schools, annual, Chi- 
cago, Ill. (M. W. McCrea, 42 8S. Greene St., Baltimore 
1, Md.) 

24-26. National Science Teachers Assoc., Cincinnati, 
Ohio. (R. H. Carleton, 1201 16 St., NW, Washington, 
D.C.) 

28-31. American Assoc. of Petroleum Geologists, New 
York, N.Y. (E. H. Powers, Box 670, Fort Worth, Tex.) 

28-1. Western Metal Exposition, 9th, Los Angeles, Calif. 
(W. H. Eisenman, 7301 Euclid Ave., Cleveland 3, Ohio.) 

$1-2. Soc. of Research in Child Development, Monticello, 
Ill. (C. B. Stendler, College of Education, Univ. of Il- 
linois, Urbana.) 

April 

1-5. Japan Medical Cong., Kyoto. (M. Goto, Univ. Hos- 
Kyoto Univ., Kyoto.) 

2. Kappa Delta Pi, Cleveland, Ohio. (E. I. F. Williams, 
238 E. Perry St., Tiffin, Ohio.) 

3-6. American Astronomical Soe., Princeton, N.J. (C. M. 
Huffer, Washburn Observatory, Madison 6, Wis.) 

$-7. American College Personnel Assoc., Chieago, Ti. (C. 
Evans, Univ. of Indiana, Bloomington.) 

4. American Educational Research Assoc., Cleveland, 
Ohio. (F. W. Hubbard, 1201 16 St., NW, Washington, 
6, D.C.) 

5-7. Kansas Acad. of Science, Lawrence. (C. T. Rogerson, 
Dept. of Botany, Kansas State College, Manhattan.) 
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Outstanding 


McGRAW-HILL BOOKS 


WEATHER FOR AMERICANS 
By Dr. Grorce H. T. KImBLE. In press 


An exceptionally interesting book on all the aspects 
of weather in America written with that rare com- 
bination of wit and wisdom that transforms the subject 
into one of complete fascination. The author takes up 
each individual month of the year, explodes common 
superstitions, st concerning the 
weather within these months, and gives a word por- 
trait of weather conditions throughout the year that 
is highly literate and informative. Illustrated with 
maps and charts. 


ISOTOPE GEOLOGY 


By KALERVO RANKAMA, University of Helsinki. 
In press 


Here is a book of great interest to practicing geol- 
ogists, geophysicists, and geochemists, and to the oil 
and mining industries in general. It deals with how 
the ratio between isotopes and mother elements is used 
to determine the age of rocks and-other geologic for- 
mations and substances, and how the energy released 
from such radioactive processes relates to the history 
and thermodynamic nature of the part of the earth’s 
crust involved. The subject is useful in tracing oil 
and gas bearing formations and virtually all other 
mineral deposits of economic importance and also 
in determining the time and dynamic relationships of 
one such deposit to another. 


MINERALS IN WORLD INDUSTRY 


By WALTER H. VOSKUIL, University of Illinois. 
In press 


A logical, interesting, up-to-date treatment with sta- 
tistics and historical background skillfully used in 
creating an appreciation of modern products and 
practices. The book covers the part played by min- 
erals in economics productivity, the establishment and 
maintenance of a high standard of living, and the 
international political aspects of mineral resources. 
Discussion begins with the study of iron, as the core 
of the productive society based on minerals, then 
pursues the topic of fuels, describing the distinc- 
tive use of each metal and mineral in the productive 
economy and their relationship to iron as the basic 
material. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
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SLEEPING ACCOMMODATIONS AT 121st AAAS MEETING 
Berkeley, California, December 26-31, 1954 


The hotel, motel, and dormitory sleeping accommodations—their rates and the application coupon below— 
are for your convenience in making room reservations in Berkeley. Please send your application directly to the 
AAAS Housing Bureau and thereby avoid delay and confusion. The experienced Bureau will make assignments 

romptly; a confirmation will be sent you in two weeks or less. Single rooms may become scarce; double rooms 
ie single occupancy cost more; if possible, share a twin-bedded room with a colleague—and also save. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give a 
definite date and estimated hour of arrival and also probable date of departure. 


HOTELS SINGLE DOUBLE TWIN SUITE 
Glaremont 5.00—11.00 8.00—13.00 8.00—13.00 14.00—20.00 
Durant 4.00— 7.00 6.00— 9.00 6.50—10.00 10.00—16.00 
Shattuck 5.00—10.00 7.00—10.00 7.50-10.00 10.00—18.00 
Other hotels 3.00— 5.00 3.50— 5.00 4.00-— 6.50 7.00-10.00 

(Note: Most hotels have nai without private bath at $2.00-$3.50 per night) 

MOTELS FAMILY ROOMS 
Berkeley Plaza 5.00 6.00 7.00 8.50—12.00 
California 4.00— 4.50 4.50— 5.00 5.50 6.00— 7.00 
Golden Bear 4.50— 5.00 5.00— 7.00 6.00— 8.00 7.50-—10.00 
Other motels 4.00— 5.00 4.00— 6.00 5.50— 8.50 6.00—12.00 

Dormitory Accommodations: NOTE: The 766 units in the University of California dormitories are primarily for students, 

ger faculty members, and those not on expense accounts. Occupancy, two persons per room; rate, $2.00 the first night, 
$1.00 per night thereafter, per person. 

International House: Singles only, without private bath, $2.50 per night. 

For a discussion of the headquarters of the participating societies and sections, please see Association Affairs, Science, July 23, or 

The Scientific Monthly, August. 


-—————————— THIS IS YOUR HOUSING RESERVATION COUPON -——————-—-—-—- 
AAAS Housing Bureau 

2223 Fulton Street Date of Application 
Berkeley 4, California 


Please reserve the following accommodations for the 121st Meeting of the AAAS in Berkeley, Dec. 26-31, 1954: 


(State name of hotel, motel, or other) 


HOTEL AND MOTEL 


vies aae Single Room Desired Rate ....... Maximum Rate ....... ROOM DEPOSIT 

Ss oaen Double-bedded Room Desired Rate ....... Maximum Rate ....... | $5.00 per reservation or 
0 0 Si6Née Twin-bedded Room Desired Rate ....... Maximum Rate ....... | $10.00 Pea room (re- 
ovgeeu Suite Desired Rate ....... Maximum Rate ....... junded if cancelled before 


Dec. 17) 


Make checks payable to 
“AAAS Housing Bureau.” 


The name and address of each person, including yourself, must be listed. Attach list if this space is insufficient. 


sv gunes Dormitory Unit(s)—two persons wf room at $2.00 each first night, $1.00 per 
night therea 


(These must be indicated—add approximate hour, a.m. or p.m.) 
(Individual requesting reservation) (please print or type) 
(Street) (City and Zone) (State) 


I (will) (will not) have an automobile at the Meeting. 


Mail this now to the Housing Bureau (address above), Enclose hotel or motel room ne Make checks payable to 
AAAS HOUSING BUREAU. Rooms will be Fone ke and confirmed in order of receipt of reservation. 
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Paper Chromatography and Paper Electrophoresis 
A Laboratory Manual 


By R. J. Brock, E. L. Durrum, anp GuNnTER Zweic 
Dec. 1954, about 400 pp., iilus., approx. $7.00 


Paper chromatography and paper electrophoresis, two analytical tools of the research scientist, have 
earned increasingly widespread recognition during the last decade. Qualitative and quantitative analy- 
ses of complex mixtures have been greatly facilitated by development of these methods. 


The growing acceptance of these methods has brought about a corresponding increase in the 

literature, and the time is therefore opportune to review paper chromatography and paper electro- 

horesis in order to re-evaluate established techniques and to describe new methods and applications 
or a variety of substances. 


Detailed procedures are given for solvent development of paper chromatogram, application of 
sample to chromatogram and electrophoresis strip, staining and spraying techniques, quantitative es- 
timation in chromatography and electrophoresis. Applications include the following classes of com- 
pounds: amino acids, purines, pyrimidines, proteins, nucleic acids, sugars, organic acids, steroids, 
antibiotics, vitamins, porphyrins, tannins, drugs, and insecticides. A bibliography and index enhance 
the usefulness cf the new book. 


Isotopic Gas Analysis for Biochemists 
By R. F. Giascock 
Oct. 1954, 247 pp., illus., $5.80 


The radioisotopes of carbon and hydrogen have assumed increasing importance as tools in biochemi- 
cal and physiological research. For many problems in these fields it is advantageous to assay 
isotopes in the gas phase. This manual describes in detail the various methods of assay. Complete 
details of the design and operation of the necessary equipment are also given. 


Biological Applications of Freezing and Drying 
Epitep sy R. J. C. Harris 
Institute of Cancer Research, London 
1954, 415 pp., illus., $10.00 


At the present time freeze-drying is widely used for the preservation, not only of blood products and 
antibiotics, but also of food, including human milk; bacteria, and bacterial and tissue culture media; 
viruses; and in the preparation and preservation of tissues for morphological and histochemical studies, 
and of specimens for electron microscopy. 


The aim of this book is to provide for the first time: a comprehensive and authoritative treatise 
on these aspects of freezing and freeze-drying. It will serve as a work of reference for all those engaged 
with the techniques and as a guide to those who have yet to employ 


Detailed tables of contents available upon request 


Academic Press Inc., Publishers 
125 East 23 Street, New York 10, New York 
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GET YOUR ADVANCE COPY 


of the General Program-Directory 
of the Berkeley Meeting of the AAAS 


By first class mail — early in December 


The General Program-Directory of the 121st Meeting of the AAAS on the campus of the University 
of California, Berkeley, Dec. 26-31, 1954, will be available to anyone, at cost, within the first week in 
December—whether he can attend the Meeting or not. You will want the General Program-Directory 
for your reference shelf. 


Program content Directory content 
. The three-part General Symposium: “Science and . AAAS officers, staff, committees for 1954. 
iety.” 


Prog af the 18 KAAS sections (symposia and . Complete roll of AAAS presidents and their fields. 


contributed papers). . The 260 affiliated organizations. 


. Programs of the more than 70 participating societies. 


. The Special Sessions: AAAS, Academy Conference, 
Third Berkeley Symposium on Mathematical Statis- 
tics and Probability, Conference on Scientific Edi- . Publications of the Association. 
torial Problems, National Geographic Society, Pa- 
cific Science Board, Phi Beta Kappa, Phi Kappa Phi, . AAAS Awards and Grants—including all past 
RESA, Sigma Xi. winners. 


. Details of the Gymnasium for Men—center of the : : 
Meeting—and campus. 7. Membership figures by sections. 


. Historical sketch and organization of the Associa- 
tion; the Constitution and Bylaws. 


. Titles of the latest foreign and domestic scientific 8. Section committees (Council members) in detail. 
films to be shown in the AAAS Science Theatre. 

. Exhibitors in the 1954 Annual Exposition of Science 
and Industry and descriptions of their exhibits. 10. Future Meetings of the AAAS—through 1958. 


9. Local committees. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 
2)You receive the General Program-Directory in ay time to decide, unhurriedly, which events and sessions you 
particularly wish to attend; 3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


——— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY ——— 


la. [1 Enclosed is $2.50 for my advance Registration Fee which brings me the Program-Directory, Convention 
Badge, and all privileges of the Meeting. 


lb. (1) Enclosed is $1.50 for only the Program-Directory. (It is understood that, if I should attend the Mecting 
’ — the Badge—which is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 
Check one 


2. FULL NAME (Dr., Miss, etc.) 
(Please print or typewrite) (Last) 


3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


. YOUR FIELD OF INTEREST 
(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $2.50 or $1.50 to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D. C. 
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PERSONNEL 


PLACEMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 
and 76 foreign countries — at a very low cost 

CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 

. DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion $19.50 per inch 


must reach 
fore date of issue (Friday of every week 


POSETIONS WANTED 


38, family; path i sani- 
tar. development; some virology 
supervisory experience. Box 261, SCIENCE 10/29 


a) Ph.D. (Major: Organic Chemistry; Minor: Physiology— 
*harmacology); three years, director, research, Naval laboratory ; 
since 1948, director, research important research institution and 
associate professor of chemistry, large university. (b) Bacteriol- 
ogist/microbiologist; Ph.D.; three years, we four years, 
research microbiologist, industrial compa: Medical Bureau 
(Burneice Larson, Director), Palmolive Building, Chicago. x 


Pharmacologist, Ph.D., 31. Recent graduate desires Academic, In- 
dustrial or pure research pos ition. Knowledge of electronics. Pub- 
lications. Prefers Midwest. PBox 260, SCIENCE. 10/29 


Research Administrator: M.A. (Mathematics, Physics) plus 3 
years graduate study Germany (Physics, mathematics) with 10 
years teaching experience and 6 years experience research ad- 
ministration desires , in industry or with research organiza- 
tiom Box 234, SCI x 


tal clinical chemistry, post resident university 


POSITHONS OPEN 


INVESTIGATOR 


Familiar electronic approaches to 
biological problems, scanning and 
counting techniques, video and 
pulse circuits. 


WRITE TO 
Mr. George A. Kaye, 
Employment Manager 


ALLEN B. DU MONT 
LABORATORIES, INC. 


35 Market Street 
East Paterson, New Jersey 


Experimen ppoint- 
ment available New York City. Box 258, SCIENCE. 10/22 


(a) Director, product education; physician no longer interested 
clinical medicine, competent writer required ; $12,000. (b) Malariol- 
it, preferably physician; research appointment in tropical 
diseases; Africa. (c) Immunochemist, Ph.D.; medical school 
research department ; $6000-$7000. (d) Organic chemist, experi- 
enced in field of analytical aapate chemistry ; extensive program to 
determine feasibility of irradiation sterilization of foods; $6000— 
$7500; East. (e) Pharmacologist, preferably physician; senior 
research position; one of leading companies. $10-4 Medical Bureau 
(Burneice Larson, Director), Palmolive Building, Chicago. 


Progressive Eastern pharmaceutical company desires competent, 
well-trained pharmacologist of demonstrated research ability to 
join research staff cngnass in broad investigation of new medicinal 
agents. Opportunity for advancement and publications. Salary com- 
mensurate with ability and experience. Our employees know about 
this opening. Box 252, SCIENCE. 10/22 


Science Editor. Man or woman to edit, write copy in Physics, 
Minerology, y and Mathematics for encyclo- 

educational background and editorial experience 
=. Give —y and full details. Franklin J. Meine, Editor-in- 
Chief, American Peoples Encyclopedia, 179 North Michigan Ave- 
nue, Chicago 1, Illinois. 10/22, 29 


AVOID DELAY .... Cash in Advance payment 
MUST be enclosed with ALL classified ads. 
See “Charges and Requirements” 


SCIENTISTS—Salaried Positions, $6,000 to $35,000 
This confidential service for outstanding Chemists, Engineers, Physi- 
cists, Metallurgists, etc. who desire a change of connection, will 
develop and conduct preliminary negotiations without risk to present 
position. Send name and address for details. 

TOMSETT ASSOCIATES @ 435 Frick Bidg., Pittsburgh 19, Pa. 


Wanted: Pathologist to conduct toxicity and tissue studies. Am 
opportunity for research. Well trained M.D., D.V.M., or Ph. 
in pathology acceptable. Write Employment Manager, Abbott 
Laboratories, North Chicago, Illinois. 10/15; 22 


Wanted: Ph.D. for research on kidney transplantation. Should be 
able to undertake animal surgery, organ perfusions, etc. Immediate 
availability desirable. Research institute in Cincinnati. Academic 
appointment. Per t basis. Adequate salary. Box 259, at 
ENC 


“OUR PREVIOUS AD 


created a great deal of interest, for which 
we are grateful. Additional advertising » 
in your magazine is contemplated.” 


— 
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PERSONNEL 


PLACEMENT 


POSITIONS OPEN 


NATIONAL RESEARCH COUNCIL 
OF CANADA 
POSTDOCTORATE FELLOWSHIPS 
1955-56 


The National Research Council of Canada will award for 
1955-56 approximately 80 Fellowships for fundamental 
research in Seleuse and Engineering. Of these, 50 will be 
tenable in National Research Council Laboratories in 
Ottawa and Saskatoon, 15 in the Science Service Labora- 
tories of the Canada ‘Department of Agriculture, located 
at various centres, and 15 in laboratories of Canadian 
Universities. 

Applicants should be not more than 35 years of age and 
should possess a Ph.D. degree from a recognized university, 
or expect to obtain such a degree before taking up an 
award. There are no restrictions regarding nationality 
of candidates, but successful candidates must meet. all 
Canadian immigration requirements. 

The annual stipend, which is free of income tax, is 
$3,000 for a single Fellow and $3,500 for a male Fellow 
who is married. An allowance toward the cost of travel 
is also paid, 

Fellowships tenable in the National Research Council 
or Department of Agriculture laboratories will be awarded 
for initial terms of one year; applications for renewal for 
a second year will be considered. Those tenable in Uni- 
versity departments will be awarded for two years in the 
first instance, and applications may be made for renewals 
for further periods, An appointment may be taken up 
any time within the year in which the award is made, but 
preferably in September or October. 

The fields in which Fellowships are available in the lab- 
oratories of the National Research Council and the Depart- 
ment of Agriculture are described in booklets that may be 
obtained on request, together with application forms. Ap- 
Plicants who are interested in Fellowships in the Univer- 
sities may write directly to these institutions, or to the 
National Research Council for information, The closing 
date of the competition is 15 February, 1955. 


Booklets and application forms may be obtained from: 
Awards Officer 
National Research Council 
Ottawa 2, Canada 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


—The MARKET PLACE 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 


Single insertion $19.50 per inch 

7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 


52 times in 1 year 


For PROOFS on display ads, 
weeks before date of oy 


12.50 per inch 


must reach SCIENCE 4 
(Friday of every. week). 


BOOKS AND MaGazines 


are needed by our library and institutional customers. 
us lists and description of periodical files 
at high market prices. Write Dept. A3S 


Your sets and files of scientific journals 
A 


NER, INC. 
Rost 


380A 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


BOOKS AND MaAGaziNEs 


WANTED TO PURCHASE .. . om. 
PERIODICALS } ond” omalier 
SCIENTIFI and BOOKS collections wanted 


WALTER J. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 


THE LOGIC OF MODERN SCIENCE 


By J. R. KANTOR 
375 pa 


Principia Press, Inc., Bloomington, > an 


COLOR BLIND? 


® Use the new DVORINE PSEUDO-ISOCHROMATIC 
PLATES (color vision test)—2nd edition. The test is 

@ Simple, Accurate and Specific. It contains extra section 

a for testing young children and illiterates. Complete 
directions with each set. 

Accepted by Conadl on Physical Medicine and Rehabilitation 

of the American Medical Association. 


Price $12.00 
Less 5% if check accompanies order. 


Order from 


ISRAEL DVORINE, O.D. 


2328 Eutaw Place, Dept. S, Baltimore 17, Md. 


PROFESSIONAL SERVICES 


Applied 
3 TRUESDAIL 

> LABORATORIES, INC. Consultation 
. Truesdail, Ph D., President 
P. Jeffreys. Ph.D., Technical Director Testing 
CHEMISTS - BACTERIOLOGISTS - ENGINEERS Charter 
Write for Brochure * 4101 North Figueroa Street Member 
Los Angeles 65, California « CApitol 4148 ACIL 


WISCONSIN 
LABORATORY SERVICES 
FOUNDATION) § Project research and consultation in Bio- 
chemistry, Chemistry, Bacteriology and En- 

tomology 


Amino acid assays and biological protein evalua- 


tions ® Vitamin and antibiotic assays © Chick feed- 

ing tests © Pharmacology including warm-blooded 

toxicity studies © Phenol coefficient determinations 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


©. BOX 2059-V ° MADISON 1, WISCONSIN 


SCIENCE, voL. 120 
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BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


the MARKET PLACE 


PROFESSIONAL SERVICES | SUPPLIES AND EQUIPMENT 
BEAGLES 
@ CONSULTATION =, AKE Registered — immunized 


Biological, Nutritional, Toxicological Studies 
for the Food, Drug and Allied Industries 
14 33rd Street, 


Island City 1,N.Y. 


@ ANALYSES 


CONSULTATION 
RESEARCH 


SOUTH SHORE 


ANALYTICALANDRESEARCH Inc. 
148 ISLIP AVE. We 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 
your book. All subjects considered. New authors welcome. 


VANTAGE PRESS, Inc. © 120 W. 31 St., a York 1 
In Calif.: 6356 Hollywood Bivd., Hollywood 2 


ANALYSIS OF AMINO ACIDS 


2023 SANTA FE AVENUE, LOS ANGELES 21, CALIFORNIA 


. Food Ingredient & New Drug Studies 
DIGITALIS ASSAYS 


LaWall & Harrisson- 
“Div. S, 1921 Walnut St., Philadelphia 3, Pa. 


ANALYSES - CONSULTATION - RESEARCH 


SUPPLIES AND EQUIPMENT |i 


$25 to $50 athe F.0.B. Ithaca 
J. FATULA — Dog Farm — RR1 — Ithaca, N. Y. 


STARKMAN Biological Laboratory © #6! Bloor St... 


Hamsters Guinea Pigs Rabbits 


i MANOR FARMS & 
‘ Staatsburg, New York , 
RESEARCH Tel. Staatsburg 3278 


= Supplying every Research Need Since 1943 


4 TACONIC FARMS 


Germantown, N. Y. 
Germantown 3535 
Swiss Mice 
Webster Strain 4 


Research Grade 
AMINO ACIDS 
LOW COST 


Send for Catalogue 
WESTERN - AMINO ACIDS CO. 


7922 Beverly Blvd. — Los Angeles, California 


HYPOPHYSECTOMIZED RATS 


—- to all points via Air Express 
or further information isi 


HORMONE ASSAY LABORATORIES, Inc. @ 29, 


Long-Evans (PAF) 
Wistar (PAF) 
Bred for Research Work by Research Workers 


PACIFIC ANIMAL FARMS 
2457 Fletcher Dr., Los Angeles 39, Calif. 


Your assurance of the finest laboratory supplies, 
scientific instruments, chemicals and glassblowing. 
E. Machlett & Son + 220 E. 23rd St.* N. Y. 10, N.Y. 
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BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


MARKET PLACE 


SUPPLIES AND EQUIPMENT 


SUPPLIES AND EQUIPMENT 


GBI research products, in con- 
venient small packages—ore 
offered as a special service to 
investigators. They will save you 
time, trouble and expense if 
you are engaged in research 


in these fields. 
€-Write for this useful reference AL 


book listing hundreds of 
items for research. 


“BI OLOGICAL 
BACTERIOLOGICAL 


NUTRITIONAL 


General Biochemicals, Inc. 


72 LABORATORY PARK, CHAGRIN FALLS, OHIO 


|((THIS ie the EXACT Size RECTANGLE} “YINSrrumenrs 
on the Field Finder containing 

over 00 lines and indicia, t 
They form a simple, non-marking 


device for the microscopist to re- 
locate fields of interest in a 
#lide-mounted specimen, Other 
advantages: Superb precision=- 
iwith interchangeability; non-des- 
tructive; used by substitution.) 


FIELD FINDER 


LOVINS ENGINEERING 
COMPANY 


SILVER SPRING. MD. 


HOLTZMAN RAT CO. 


. Continuity of Quality @ Dependability 


of Supply 
Route 4, Badger Lane, 
Phone 6-5573 


Madison 5, Wisc. 


All AMINO ACIDS unnatural, 


Rare Sugars, Biochemical Produ cts, Reagents, N 
Pharmaceuticals in stock. Write or phone PLaza 
7-8171 for complete price list. 


17 W 
BIOS LABORATORIES, INC. Street, 


43 replies!! 


Within ten days 43 replies were received to a 
single “Box Number” ad in the Personnel Place- 
ment section of SCIENCE. Your own ad, here, will 
produce prompt results, at a minimum cost. Send 
your “copy”, now. 


CANCE, the subject of outstanding A. A. A.S. Symposium Volumes: 


Some Fundamental Aspects of the Cancer Problem, 1937, Out of print. 


MAMMARY TUMORS IN MICE, 1945: 


10 contributors, VIII + 223 pages, 7% x 10¥2, clothbound, double column, illustrated, 
ne 50. Cash order price to A.A.A.S. members $3.00 
. Coordinated knowledge of cancer of the breast in mice. 
. It cannot fail to stimulate interest and further research efforts in one of our most 
fascinating and important biological problems. 
. Prepared by members of the staff of the National Cancer Institute. 


AAAS. Research Conference on Cancer, 1945, Out of print. 


APPROACHES TO TUMOR CHEMOTHERAPY, 1947: 


93 X+442 pages, 72x double column, illustrated, 
re . Cash order price to A.A.A.S. members $6.50 
. A progress report, addressed largely to future workers. 
- An important and trustworthy reference book. 
. Planned under the auspices of National Cancer Institute, Memorial Hospital of 
New York, Sloan-Kettering Institute for Cancer Research, Lankenau Institute 


of Philadeiphia, and others. 


TO: AAAS, 1515 Mass. Ave., N.W. 
Washington 5, D. C. 
_ Enclosed is $......... Please accept my order for 


( MAMMARY TUMORS in MICE 
APPROACHES to TUMOR CHEMOTHERAPY 


382A 
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Tracerlab’s customer-engineered scaler line . . . with 
a model for every application . . . is another indication 
of Tracerlab’s position as the largest and leading firm 

in the nuclear industry. Models are available for preset 
count and time operation, pulse amplification, high 
speed, automatic operation, and.decade or binary 
scaling. If you will indicate your counting requirements, 
we will be pleased to recommend the proper equipment. 


ask for Catalog DX, with complete specifications. 
Sales Offices: New York, Washington, Chicago, Cleveland, Houston, Paris 


130 HIGH STREET, BOSTON 10, MASSACHUSETTS * 2030 WRIGHT AVENUE, RICHMOND 3, CALIFORNIA 


RECO Fraction Collector set up for 
collection on a time-flow basis 
with four chromatographic col- 
umns operating simultaneously. 


RECO Fraction Collector set up 
for volume collection from 
column into 400 test tubes. 


Write for Brochure F-15 


THE Reco FRACTION COLLECTOR 


FOR CHROMATOGRAPHY 


Check these important features offered 
by the new RECO Model F1200: 


Two MEtHops or CoLLEcTION ...timed-flow and volumetric. 
Futity Automatic...whether set for timed-flow or volumet- 
ric operation. CoLtects Up To 400 SAMPLEs.. . resulting 
in sharper differentiation of components. ReapiLy INTER- 
CHANGEABLE RECEIVER Puates.. . affording widely varied 

volumes per fraction. Four CHROMATOGRAPHIC 

Cotumns Can BE OPERATED SIMULTANEOUSLY... 

each delivering into an individual row of tubes. 
, Co..ects SAMPLES ON A VOLUME BASIS AS SMALL AS 
3 cc...and up to 90 ml. with standard receiver plates. Timed 
Interval Between Tubes from 30 Seconds to 50 Minutes. 
Samples in Full View for Ready Observation. ACCURATE... 
and Completely Dependable in Performance. 


STANDARD EQUIPMENT: Stand with four stainless steel sup- 
port posts. Heavy duty worm gear reduction motor with indexing 
mechanism. Two receiver plates: one holding 400 13 mm tubes, 
the other 100 25 mm tubes. Three volumetric assemblies (3 ml., 
5 ml., and 10 ml.). Timer/Controller. 


PRICE: RECO Model F1200 Fraction Collector, 
complete $525.00 
Write for Brochure F-10 


SAMPLE APPLICATOR FOR | 
PAPER CHROMATOGRAMS 


The new RECO Sample Applicator simplifies and speeds up ap- 
plication of samples to paper chromatograms. Enables application 
in controlled amounts and prevents spreading of sample on paper. 
With the RECO Sample Applicator inexperienced workers can do 
uniform spotting giving consistent results. Eliminates considerable 
variability when several individuals do the spotting, as may be 
the case where samples of many field replications are involved. 


Literature describing the complete line of RECO Paper Partition 
Chromatographic Equipment and Supplies sent on request. 


MANUFACTURER 


RESEARCH EQUIPMENT Corporation 


1135 THIRD STREET © OAKLAND, CALIFORNIA 
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